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ABSTRACT Developments in energy dispersive X-ray spectrometry (EDS) on scanning 
electron microscopes (SEM) offer advanced analysis options for quantitative mineralogy and 
ore characterization. The Silicon Drift Detector (SDD) technology with high pulse throughput 
capabilities permits characterizing minerals within seconds. Extended atomic databases 
included in the EDS software improve the identification and quantification of elements with 
overlapping peaks. Specifically adapted routines enhance the accurate and precise 
quantification of light elements. Modern computer processing offers advanced analysis 
options for data mining. These technological advances are demonstrated in representative 
samples: (1) Calcite can be discriminated from fluorite. (2) Different monazite and pyrochlore 
generations in deeply weathered ores, containing minor concentrations of uranium and other 
trace elements, can be quantified standardlessly. (3) The combination of standardless and 
standard-based analysis can distinguish magnetite from hematite in iron ore. (4) The elemental 
carriers and the textures of polymetallic iron ores can be solved by spectrum imaging 
techniques. 
 
 
1 INTRODUCTION 
Silicon drift detectors (SDD) have become 
state of the art technology in the field of EDS 
microanalysis outperforming traditional 
Si(Li) detectors in almost every aspect. The 
accuracy and precision which SDDs offer is 
comparable or better than WDS (Ritchie et 
al., 2012; Cubukcu et al., 2008). The main 
advantages of the latest generation SDDs are 
their high pulse throughput capabilities (up 
to 600 kcps) and an improved energy 
resolution of down to 121 eV at Mn 
in the low energy range 38 eV at C K. 
Combining modern hardware and improved 
software with modern data processing allows 
advanced analysis options for quantitative 
mineralogy and ore characterization. This 

will be demonstrated for four representative 
samples using automated feature analysis 
and spectrum imaging techniques. 

2 METHOD  

A BRUKER QUANTAX EDS system with 
different SDDs was used on various scanning 
electron microscopes: ZEISS Supra 55VP, 
HITACHI SU 6600 and FEI Quanta 400. 
The analytical conditions given in Table 1 
were used on a computer controlled SEM 
with stage control. Automated feature 
analysis combines morphological with 
chemical classification in order to detect and 
classify minerals. Particles were detected by 
grey scale thresholds in the back-scattered 
electron (BSE) micrograph. Spectra were 
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acquired by point measurements in the center 
of each particle or by scanning the complete 
particle area. Minerals were classified based 
on their composition using a truly 
standardless quantification routine without 
internal references. 

To separate overlapping peaks, the line 
deconvolution algorithms incorporated in the 
analysis software are of crucial importance. 
By using an extended atomic database with 
more than 300 additional L, M and N lines in 
the low energy range of 0-6 keV (Aßmann 
and Wendt, 2003) the element identification 
and quantification for monazite and 
pyrochlore can be improved considerably. 

The standardless quantification of light 
elements which is relevant for minerals such 
as calcite and fluorite was enhanced by 
specifically adapted routines. In the low 
energy range, the consideration of the 
ionization cross sections, absorption effects 
and the quantum efficiency of the detector 
are of special importance. In order to 

quantify iron oxides, a hybrid method was 
used which combines the standardless 
quantification with standard-based analysis, 
although the iron to oxygen ratio was already 
sufficient to discriminate magnetite from 
hematite. 

EDS databases from spectrum images 
(HyperMap) which provide complete spectra 
for each pixel of the SEM image permit data 
mining. For instance, the element 
identification can be improved by using the 
Maximum Pixel Spectrum function (Bright 
and Newbury, 2004). This function 
synthesizes a spectrum consisting of the 
highest count level found in each spectrum 
energy channel. Even elements which occur 
in only a few or just one pixel of an element 
map can be easily identified. Spectrum 
statistics can be improved using chemical 
phase mapping (Autophase), which detects 
similarly composed spectra with the help of 
mathematical methods (principal component 
or cluster analysis) or user defined areas.

Table 1. Analytical conditions for quantification, feature analysis and spectrum imaging 

No. Method of 

analysis 

Sample SDD  

area 

(mm
2
) 

Max. pulse  

throughput  

(kcps) 

FWHM  

Mn 
*
 

(eV) 

ICR  

(kcps) 

Dead Time 

(%) 

HV  

(kV) 

 Time
** 

(s) 

1 Quant. Monazite 10 60 121 6 4 15  120 

2 Quant. Hematite, magnetite Quad  

(4x10) 

4x275 152 925 ~30 15  0.030 

3 Feature Calcite, fluorite 10 60 124 57-78 32-40 15  0.500 

4 Feature Monazite, pyrochlore 30 130 136 80-125 21-31 20  3 

5 Feature Iron ore pellet Quad  

(4x10) 

4x130 130 470 ~30 15  0.500 

6 HyperMap Iron ore 30 60 132 18 ~20 20  0.005 

7 HyperMap Iron ore 30 130 142 220 ~47 15  0.019 

*
Energy resolution for the maximum pulse throughput setting. 

**
For quantification and automated feature 

analysis, time per spectrum; for HyperMap, integrated dwell time per pixel.
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3 RESULTS  

3.1 Discrimination of calcite and fluorite 

The composite in Figure 1A consists of 14 
individual BSE micrographs (each 
1600x1200 pixels, 0.18 µm pixel resolution). 
Using automated feature analysis, calcite can 
be discriminated from fluorite with impulse 
statistics of 19,000-23,000 counts in the 

spectrum, due to the superior light element 
sensitivity (Figs. 1B, C, Tab. 2) 

Table 2. Number and area fraction of 
fluorite, calcite and unclassified particles 

Class Count 
Area  

fraction (%) 
Fluorite CaF2 130 9.2 
Calcite CaCO3 4 2.3 
Unclassified 482 68.5 
All 616 100.0 

 

Figure 1. (A) Composite back-scattered electron (BSE) micrograph of the analyzed area 
(widths 2 mm). (B) Low energy spectrum range of calcite and fluorite. (C)  BSE micrograph 
of one analyzed field overlaid with feature analysis results. The blue color corresponds to 
fluorite, red to calcite and grey to unclassified particles 

  

A 

B C 
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3.2 Discrimination of monazite and 
pyrochlore 

A deeply weathered laterite deposit was 
investigated using automated feature 
analysis. Using 64 BSE micrographs, each 
with 1000x750 pixels (0.54 µm pixel 
resolution), 1477 particles of high BSE 
contrast were analyzed. The strong peak 
overlaps in the pyrochlore (Fig. 2) and 
monazite (Fig. 4A) spectra can be 
deconvoluted even for minor concentrations 
(Fig. 3B). The deconvolution allows to 
distinguish plumbopyrochlore and 
bariopyrochlore as well as different monazite 
generations (Tab. 3, Tab. 4, Fig. 4B). 

Table 3. Classified minerals in a laterite 
deposit using automated feature analysis 

Class Count 
Monazite Nd>8 mass% 123 

Monazite La>18 mass% 551 

Monazite 669 

Baryte 32 

Hollandite 22 

Plumbopyrochlore 15 

Bariopyrochlore 20 

Zirconolite 2 

Unclassified 43 

Sum 1477 
 

 

Performing feature analysis at high 
resolution and high contrast (Fig. 5) reveals 
the complex intergrowth of the different 
monazite varieties among themselves and 
with the other minerals in the mineral 
assembly. This has implications for mineral 
liberation and leaching performance. This 
rationale could be extended to the pyrochlore 
varieties as well. The presence of very fine-
grained cerianite, Ce

4+
 oxide, can also 

compromise the overall rare earth elements 
(REE) leaching rate.

Table 4. Monazite compositions (mass%) 
obtained by true standardless quantification 
with automated background subtraction. 
Measurement conditions as in Figure 4A 

  High-La High-Nd 
SiO2 1.19 0.73 
CaO 2.57 3.18 
SrO 5.13 3.40 
BaO 2.04 1.85 
FeO n.d. 2.27 
La2O3 23.4 11.7 
Ce2O3 29.1 29.7 
Pr2O3 1.69 3.64 
Nd2O3 4.39 12.1 
Sm2O3 n.d. 0.57 
P2O5 30.6 31.0 
Sum 100.0 100.0 

Figure 2. Pyrochlore spectrum showing significant peak overlaps 
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Figure 3. (A-C) Deconvolution results of the spectrum shown in Figure 2. The colored peaks 
represent the contribution of different elements. The grey area which is the sum of all 
deconvoluted element lines corresponds to the background corrected spectrum (black line). It 
indicates that all element X-ray lines were correctly identified. Note that uranium intensities 
corresponding to ~0.4 mass% can be separated from thorium (blue) and lead (orange). 

          

Figure 4. (A) Deconvolution result of monazite with a high concentration of neodymium. The 
spectrum was acquired at 15 kV accelerating voltage, 6 kcps input count rate in 120 seconds 
at an energy resolution of 121 eV for FWHM Mn  Diagram of lanthanum and 
neodymium concentration (mass%) of 1477 particles showing an exchange of these rare earth 
elements

Figure 5. BSE micrograph overlaid with 
feature analysis results showing that several 
monazite generations formed upon 
weathering of carbonatite. High 
concentrations of lanthanum are shown in 
yellow, high concentrations of neodymium in 
red, intermediate concentrations of 
lanthanum and neodymium in blue and 
cerianite is shown in green. Image 
resolution: 2048x1536 pixels, pixel size: 
78 nm 

A C B 

B A 
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3.3 Discrimination of magnetite and 
hematite 

Standard-based quantification is required to 
obtain the highest accuracy for the small 
concentration differences in iron oxides. The 
approach was tested using an XFlash

®
 Quad 

detector. Four 10 mm
2
 active SDD elements 

are mounted in a single detector finger. Each 
element is associated with an independent 
pulse processor allowing highest pulse 
throughput capabilities of >1,000 kcps. A 
hematite reference was measured for 120 ms.  
Mean values of oxygen and iron 
concentrations for hematite and magnetite 

spectra (Tab. 5) which were acquired at 
30 ms document a sufficient accuracy and 
precision to discriminate these minerals with 
impulse statistics of 20,000 – 30,000 counts 
in the complete spectrum. 

An iron ore pellet sample was studied by 
automated feature analysis using four BSE 
micrographs. Oxygen and iron were 
quantified based on a hematite reference and 
all other elements without standards. 
Thereby magnetite and hematite as well as 
titanium magnetite, titanium hematite and 
silicates, carbonates and phosphates were 
classified (Tab. 6, Fig. 6). 

 

Table 5. Expected stoichiometric concentrations of hematite and magnetite are compared to 
mean values (n=10) which were obtained by standard-based quantification. 

 Hematite Hematite   Magnetite Magnetite  

 expected 

(at.%) 

mean 

(at.%) 

s 

(±at.%) 

 expected 

(at.%) 

mean 

(at.%) 

s 

(±at.%) 

O 60.0 60.0 0.5  57.1 56.9 1.0 

Fe 40.0 40.0 0.5  42.9 43.1 1.0 

 

 

Figure 6. BSE micrograph of one analyzed field of interest overlaid with the feature analysis 
results showing magnetite and hematite. Image widths: 512 µm, image resolution: 
4096x3072 pixels, pixel size: 130 nm)
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Table 6. Minerals in an iron ore pellet 
sample classified using automated feature 
analysis 

 
Class 

 
Count 

Area 
fraction  

(%) 
Ti-Magnetite 2 0.1 

Magnetite 540 79.7 

Ti-Hematite 2 0.1 

Hematite 57 8.3 

Quartz 3 0.6 

Olivine 11 1.6 

Na-Feldspar 4 5.6 

Alumosilicate 3 0.1 

Calcium pyroxene 1 0.1 

Apatite 2 2.1 

Calcium carbonate 2 0.3 
Unclassified 26 1.4 
All 653 100 

3.4 Elemental carriers and textures of 
polymetallic iron ores 

At the beginning of mineral exploration 
projects, the sample number is high and the 
available data is limited. Usually a 
comprehensive geochemical survey closes 
down on the best targets for further 
investigation, and detailed information on 
mineralogy and elemental distribution among 
carriers might point out important features to 
be included in the downstream surveys. 

Figure 7A shows a composite intensity 
map of an iron ore, containing other elements 
of potential economic interest. Aluminum, 
silicon and calcium are locked in garnet and 
calcium and phosphor in apatite. These 
undesirable elements should be easily 
removed by standard ore processing. 
Manganese, however, would mostly be lost 
to tailings with the garnet as well, although 
some is locked in cryptomelane inclusions, 
as evidenced by the manganese-potassium 
association. Keeping the manganese would 
add value to a prospective concentrate, but 
the association with potassium could be 
deleterious. 

The composite intensity map (Fig. 7B) 
displays cobalt and nickel heterogeneities 

within iron oxide. Cobalt and nickel can be 
determined through evaluation of the 
deconvolution (Figs. 7C, D). Standardless 
quantification of the area spectra shown in 
Figure 7B (~32,000 counts in the complete 
spectrum corresponding ~2 s measurement 
time) results in a cobalt concentration of 
0.7 mass% in area 1 and 1.2 mass% nickel in 
area 2, with good agreement to expected 
stoichiometric magnetite values for oxygen 
and siderophile elements (Tab. 7). 

At a second HyperMap, hematite and 
magnetite can be recognized by composite 
intensity maps of oxygen and iron (Fig. 8B). 
However, the absorption of oxygen due to 
topography and surface roughness can 
influence the oxygen intensity. It can be 
minimized by the quantification of each pixel 
(~2,000 counts in the complete spectrum) 
with the peak to background model (Wendt 
and Schmidt, 1978) and ZAF correction 
(Fig. 8C). The Autophase result with 
consideration of oxygen, iron and silicon 
concentrations allows the correct 
identification of magnetite and hematite 
(Fig. 8D, Tab. 8). 

Some elements had not been targeted by 
conventional wet-chemical analysis, but 
were identified by the Maximum Pixel 
Spectrum function, extracted pixel spectra 
and quantitative mapping (Fig. 9). Zirconium 
is associated to silicon, due to small zircon 
inclusions of no further interest. But the 
identification of niobium was not expected, 
and points to small Fe(Mn)-columbite 
inclusions which deserve consideration. 
Ti-rich inclusions have also been identified, 
and could be related to the fractures in the 
ore. The analyzed frame was chosen due to a 
better exposition of the major phases, but the 
more fractured and possibly weathered areas 
of the same sample could hold more Ti-rich 
phases, adding another interesting feature to 
be monitored during ongoing exploration 
work.
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Figure 7. (A)  BSE micrograph overlaid with a composite intensity element map (resolution: 
1024x884 pixels, pixel resolution: 2.58 µm, acquisition time: 76 min). (B) Composite 
intensity element map for the region shown in (A). To avoid that the cobalt distribution is 
falsified by the overlap with the iron peak, a narrower peak width (30 %) was used to display 
the cobalt intensity. An automatic filter was used to improve intensity display at low impulse 
statistics. (C, D) Deconvolution results of the area spectra which were extracted out of the 
HyperMap (Fig. 7B). 

Table 7. Quantification result of areas shown in Figure 7B 

 

Area 1 Area 1 Area 1   Area 2 Area 2 Area 2 

Net mass% at%   Net mass% at% 

Si 62 0.2 0.2   165 0.4 0.5 

Fe 10874 70.4 41.7   12365 69.4 40.9 

Mn 215 1.1 0.7   279 1.2 0.7 

Co 87 0.7 0.4   0 n.d. n.d. 

Ni 0 n.d. n.d.   112 1.2 0.7 

O 3680 27.5 57.0   4275 27.8 57.2 

Sum - 100.0 100.0       - 100.0 100.0 
n.d.: not detected 

1
2

C B D 

A 

1 

2 
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Figure 8. (A) BSE micrograph of the area analyzed by HyperMap (resolution: 700x604 pixels, 
pixel resolution: 0.47 µm, acquisition time: 2 h 12 min). Rectangles show magnified areas in 
Fig. 9. (B) Composite intensity map of oxygen, iron and silicon. (C) Quantitative map 
(mass%) of oxygen in false color display. (D) Autophase result showing the distribution of 
magnetite (mag), hematite (hem) and silicates. 

Table 8. Area fraction of major phases 

 Area [µm²] Area [pixels) Area [%] 

Hematite 61360 277004 65.5 

Magnetite 31418 141834 33.5 

Silicate 877 3960 0.9 

Unassigned <1 2 <0.1 

 

  

8

8

B 

C D 

A 9C 

9D 
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Figure 9. (A) Comparison of the sum spectrum (blue) of the analyzed area and the Maximum 
Pixel Spectrum (red). Elements which are present only in a few pixels of the map cannot be 
displayed in the sum spectrum due to the low overall concentration but are clearly identifiable 
in the Maximum Pixel Spectrum. (B) Spectra extracted from a single pixel of the map 
(~2,000 counts in the complete spectrum). (C-E) Magnified quantitative maps (mass%) of the 
areas shown in Figure 8A. 

B 

C D 

A 

E 
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4 CONCLUSIONS  

Improvements in detector and pulse 
processor technology, software 
developments and reference database 
extension have expanded the EDS 
applications to applied and process 
mineralogy. These are based mostly on the 
truly quantitative character of the results – 
instead of the qualitative or semi-quantitative 
analyses in the past, as well as the possibility 
to collect high-quality data in seconds, 
without losing spatial resolution. 

Application examples from early 
exploration of mineral assets to an already 
industrialized product such as iron ore pellets 
were discussed. The existence of high-
demand rare earth elements increases the 
value of existing ores. 
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ABSTRACT Simultaneous measurements in the analytical field of atomic spectroscopy have 
several advantages. The most important ones are probably the availability of all information 
from the complete periodic table of elements for every sample analyzed and the possibility of 
post measurement reprocessing for additional elements, without reanalyzing the sample. The 
elimination of noise from the sample introduction system by forming a ratio between two 
signals, resulting in improved precision, or the elimination of the signal skew when 
monitoring transient signals are only two more of these advantages. 

These advantages also apply to ICP-MS, whereby several approaches to simultaneous 
detection have been made in the past. A new approach to simultaneous detector technology, 
including hardware components, correlated double sampling and adaptive integration time 
readout algorithms, will be presented. Multi-element isotope ratio measurements, from Li to 
Pb, the determination of Platinum Group Metals (PGM) in solutions and in NiS extracts with 
Laser Ablation ICP-MS using this new technology, are examples underlining the potential of 
fully simultaneous measurements in ICP-MS. 
 
 
1 INTRODUCTION 

The precise and accurate determination of 
concentrations utilizing an internal standard 
and the determination of isotope ratios by 
ICP-MS, benefit substantially from the 
simultaneous detection of the isotopes of 
interest due to the compensation of plasma 
based and other correlated noise. Dedicated 
instruments have been used for this purpose. 
One approach is the so called Multi-collector 
ICP-MS (MC-ICP-MS), where a discrete 
number of Faraday Cups and/or Secondary 
Electron Multipliers (SEM) are used to 
simultaneously detect the signal of isotopes 
over a limited m/z range. Another approach 
to simultaneous ICP-MS, are the time of 
flight (TOF) based ICP-MS systems, where 
ions generated at the same point in time in 
the plasma are detected sequentially across 
the complete inorganically relevant mass 
range. 

A further step has recently been made 
with the introduction of a fully simultaneous 

ICP-MS based on a double focusing sector 
field ICP-MS in a compact Mattauch-Herzog 
geometry, in combination with a large and 
spatially resolving semiconductor ion 
detector. The detection of all ions included 
in the inorganically relevant mass range 
from a continuous ion beam generated in an 
ICP ion source becomes available across a 
wide dynamic range with this instrument. 

1.1 Advantages of Simultaneous ICP-MS 

Although ICP-MS has reached a mature state 
in the field of analytical instrumentation, the 
analytical expectations are increasing. More 
elements have to be analyzed from smaller 
samples and this in combination with 
hyphenated techniques like Laser Ablation, 
Chromatography and electrothermal 
vaporization (ETV). There is an increasing 
interest in isotopic information, such as 
isotope dilution for accurate measurements, 
in forensic, PGM and nuclear applications. 
Also, the precise element ratio 

New Approach to ICP-MS: Fully Simultaneous Measurement of 

the Complete Inorganically Relevant Mass Range 
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determinations can answer questions about 
authenticity of products and serve as proof 
of origin, for example, in food. 

Calculating the ratio of two signals 
measured at exactly the same point in time 
ideally eliminates all correlated noise, like 
the flicker noise from the plasma and the 
pulsation from peristaltic pump or Laser 
Ablation systems. This calculation is used in 
isotope ratio, isotope dilution, element ratio 
(i.e. REE pattern in geological samples) and 
quantitative analysis when using an internal 
standard. 

The measurement of the complete 
inorganically relevant mass range for every 
sample has several advantages. It is possible 
to optimize the developed method after the 
measurement, see unexpected interferences 
and elements, and add corrections later if 
required. It is even possible to review 
spectra and quantify additional elements 
from samples that no longer exist. Compared 
to sequential ICP-MS systems, there is no 
problem with signal skew when working 
with transient signals; the full duty cycle 
applies to all elements monitored, 
independent from the total number of 
elements measured.  

2 HARDWARE 

2.1 Mass Spectrometer 

A double focusing sector field mass 
spectrometer in Mattauch-Herzog geometry 
is a very suitable mass spectrometer for this 
purpose. (Figure 1) 

 

 

Figure 1: Double focusing sector field 
mass spectrometer in Mattauch-Herzog 
geometry 

 

Using this type of geometry, the ions are 
not focused onto one focal spot and the m/z 
of interest chosen by scanning (changing the 
voltages of the electrostatic sector and/or the 
strength of the magnetic field), but they are 
separated by mass in a focal plane at the exit 
of the magnet.  

2.2 Detector 

A CMOS based semiconductor ion detector 
with 4800 channels (pixels) is placed in the 
focal plane of the magnet and used to record 
the mass spectrum. Each of these pixels 
works simultaneously with two different 
amplifications to cover the large dynamic 
range required in ICP-MS. Each of these 
9600 different signals can be read out 
simultaneously. During operation, the 
detector is cooled to temperatures <-10° C. 

 Each detected ion’s charge is collected by 
the array, converted into an electrical signal 
and processed by the readout electronics. At 
the end of every basic integration cycle, this 
information is compared to a threshold. 
Depending on the signal level, the 
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information is either sent to the external 
camera and the pixel reset or the integration 
is continued. Nondestructive readout, 
adaptive integration time readout algorithm 
and “correlated double sampling” are 
technologies used to minimize the readout 
noise on low signals while maintaining the 
ability to simultaneously record very high 
signals. An example can be seen in Figure 2. 

 

 

Figure 2: Readout scheme of 5 different 
signal levels with a threshold at 50% and a 
basic integration cycle of 20 ms. 

 

With 4800 channels across the mass range 
measured from about 5 to 240 amu, each 
mass is, on average, covered by 20 channels. 
This setup results in the measurement of a 
true mass spectrum compared to the single 
m/z points of a limited number of masses in 
sequential ICP-MS. It makes it possible to 
set peak maximum, integration width and 
potential background correction points. 
Examples of simultaneously acquired mass 
spectra are shown in Figure 3. 

 
Figure 3: Spectra acquired on a MH-ICP-MS 
from a blank (red), a 20 ppb multi-element 
solution (blue) (Merck, Darmstadt, 
Germany) and a 20 ppb multi-element REE 
solution (Inorganic Ventures, Christians-
burg, VI, USA)  

3 EXPERIMENTAL 

The advantages of fully simultaneous ICP-
MS are shown with 3 different application 
examples. 

3.1 Determination of PGM in solution 
containing up to 1000 ppm Fe and  
100 ppm Cu and Ni 

Samples containing varying amounts of 
PGM and diluted by a factor of 10 (v/v) were 
received. Another 10 fold (v/v) dilution was 
performed for sample preparation and 10 
µg/l Lu added as an internal standard. This 
element’s signal was used for internal 
standardization. 

A cyclonic baffled spray chamber with a 
concentric nebulizer was used. A 30 second 
measurement time with 3 replicates and a 
sample aspiration rate of 1 ml/min were the 
standard operating conditions. LODs in the 
lower ppt range could be achieved under 
these conditions. Synthetic QC samples 
containing PGM at a level of 0.6, 6 and 20 
µg/l in the mentioned matrix were measured. 
Relative standard deviations of less than 1% 
at 0.6 µg/l and about 0.2% at 6 and 20 µg/l 
concentrations could be achieved.  

The potential interference of 63
Cu

40
Ar on 

103
Rh needed no correction. The results 

obtained in these measurements are 
comparable in accuracy to those achieved on 
a different ICP-MS system where cell 
technology was used to eliminate this and 
other interferences. 

Additional information about other 
unexpected elements in these samples could 
be gathered. 

 

3.2 Determination of PGM in NiS 
Extracts with Laser Ablation ICP-MS 

These measurements were performed in 
collaboration with the University of 
Zaragoza and Ghent University. (Resano  et 
al., 2012) 

A CETAC LSX 213 Laser Ablation 
system, (CETAC, Omaha, Nebraska, USA) 
was used and He at a flow of 0.3 l/min was 
added in the ablation cell to improve the 

0
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ablation rate. LODs in the lower ppb range 
could be achieved for PGM in the solid 
sample. Certified reference materials were 
measured and the recoveries were mainly in 
the 90 to 110% range, most were between 95 
and 105%.  

The accuracy of the results and the 
linearity of the calibration curves improved 
substantially using an internal standard. The 
NiS buttons contain Ni in double digit % 
ranges. The use of 

61
Ni as an internal 

standard in these measurements shows the 
ability of this ICP-MS to measure very high 
and very low signals fully simultaneously. 
This approach eliminates correlated noise 
from the ablation process and improves the 
analytical results.  

3.3 Single and Multi-element Isotope 
Ratio Determinations 

The determination of elements and isotope 
ratios is used in a wide range of applications, 
like geology, forensic and nuclear sciences, 
and in establishing the origin of samples.  

A standard sample introduction system 
consisting of a concentric nebulizer and a 
baffled cyclonic spray chamber was used. 
(Ardelt et al., 2012). 

3.3.1 Uranium Isotope ratio 

A commercially available multi-element 
standard (Merck Multielementstandard VI, 
Merck, Darmstadt, Germany) was diluted to 
a uranium concentration of 20 µg/l. 100 
replicates were measured with 100 sec 
measurement time each. The raw signals 
were offset (background) corrected and 
treated for possible position and detector 
offset variations. No correction for a 
potential mass bias was applied. A 

235
U/

238
U 

ratio of 0.002368 was found with a relative 
standard deviation of 0.05%. This ratio 
deviates significantly from the natural 
abundance of 0.0072 known for this type of 
multi-element standard. 

3.3.2 Multielement Isotope ratios 

The simultaneous determination of multiple 
isotope ratios across the mass range is a 

unique capability for the MH-ICP-MS. The 
ratios of 

6
Li/

7
Li, 

84
Sr/

86
Sr, 

87
Sr/

86
Sr, 

88
Sr/

86
Sr, 

204
Pb/

206
Pb, 

207
Pb/

206
Pb and 

208
Pb/

206
Pb were 

measured in a solution spiked  with solutions 
containing nonnatural abundances of the 
elements above to cover a wide range of 
mass and isotope ratios. Precisions of 0.5% 
for very low ratios (

84
Sr/

86
Sr =0.006378) to 

0.04% for ratios near 1 could be achieved. 

3.4 Conclusion 

The combination of an MH-ICP-MS with a 
spatially resolving multichannel 
semiconductor ion detector can improve 
precision and accuracy of analytical results 
in geological, mining and other samples. An 
overview of all relevant elements in the 
periodic table is given for each sample, 
opening the door to post measurement 
processing including quantification of 
additional elements without rerunning the 
sample or even from samples that no longer 
exist.  
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ABSTRACT Sewage Sludge (SS) and Pet Coke (PC) have been added separately, up to 12% 
and 6% respectively, into a mixture of three clayey materials. Thermal analysis of the clay 
mixtures incorporating 6% of either SS or PC shows a significant shift of the solidification 
temperature to lower temperatures. The modulus of rupture (MOR) of the brick specimens 
manufactured by extrusion and sintering does not change appreciably up to 6% content in SS 
and PC, indicating that the manufactured clay bricks are able to tolerate low percentages of SS 
and PC. The thermal conductivity of the specimens decreased and the open porosity increased 
with increasing % SS and PC content, while both the thermal conductivity and MOR 
increased with increasing sintering temperature. The results indicate that the utilization of SS 
and PC in manufacturing processes may lead to changes in processing parameters, to energy 
savings and to materials with improved thermal insulating properties. 
 
Keywords: Brick clay minerals, solid municipal waste recycling, clay brick manufacturing, 
mechanical strength, thermal insulation. 
 
 
1 INTRODUCTION 
Large amounts of urban Sewage Sludge (SS) 
are produced daily in Greece, and, therefore, 
the safe and economically feasible disposal 
as well as the investigation of new 
environmentally-friendly applications for 
urban SS is imperative. In fact, with 
increasing concern over the disposal of this 
type of waste onto agricultural land and 
growing social awareness about potential 
toxic incinerator emissions, it seems apparent 
that the recycling of sludge in building and 
construction applications, such as ceramic 
fabrication, can be considered as an 
important step in the right direction. 

Naturally, ceramic production starting 
from clays is a very common method, but it 

requires too much natural resources. 
Therefore, SS, as a possible substitute of 
clay, can be used to solve the environmental 
problems caused by this waste and to slow 
down the consumption of resources. The 
substitution of clayey raw materials for SS in 
the production of value-added traditional 
bricks could also give place to cost savings 
due to the utilization of valuable wastes as 
secondary raw materials. Actually, SS 
contains a significant amount of energy, 
estimated to be from 2800 to 3500 kcal/kg. 
The incorporation of biomass material in 
brick clays is, generally, becoming an 
emerging technology for large scale 
applications, offering several potential 
advantages, such as safe and economical 
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disposal of solid waste, solidification of toxic 
materials, i.e. heavy metals found in certain 
types of waste, and increased porosity of the 
bricks leading to increased thermal insulating 
capability and finally reduced fuel 
consumption (Athanasoulia et al. 2008, 
Tastani & Aivasidis 2008). Moreover, SS, 
containing large amounts of silica, alumina 
and lime, can be a good starting material for 
ceramics manufacturing. By controlling the 
initial mixture composition and by suitable 
heat treatment, a variety of ceramic 
crystalline phases will be obtained. 

Recent studies have focused on the 
valorization of SS as an additive material to 
clay. Specifically, the reuse of SS without 
any treatment as primary material - mixed 
with clays in different proportions - in order 
to obtain structural ceramics with interesting 
behavior has been examined (Jordan et al. 
2005). The influence of the firing 
temperature on the technological properties 
of red ceramics made of a kaolinitic clay 
incorporating a water treatment plant sludge 
has been evaluated (Monteiro et al. 2008). 
Also, the gaseous VOC emissions during the 
firing processes for the production of 
ceramics with urban SS were monitored 
(Cusido et al. 2003). Moreover, the sintering 
behavior of dried SS and the related sintering 
mechanisms to produce a range of potentially 
useful ceramics, considering the effect of 
compaction pressure, sintering temperature 
and time, has been investigated (Cheeseman 
et al. 2003, Wang et al. 2008). Furthermore, 
fabrication and characterization of ceramic 
products by thermal treatment of SS ashes 
mixed with different additives, including 
kaolin, montmorillonite, illitic clay and 
powdered flat glass, has also been attempted 
(Merino et al. 2007). 

On the other hand, Pet Coke (abbrev. for 
Petroleum coke) (PC), a carbonaceous solid 
derived from oil refinery units (while other 
coke has traditionally been obtained from 
coal), is usually employed as an alternative 
fuel in both cement and ceramic industries 
(Francey et al. 2009). The innovative 
incorporation of this secondary material in 
the clayey mixture can also be advantageous 

for brick manufacturing, and thereby it 
represents a stimulating research subject. 

The aim of the current work is to 
separately examine the effect of adding SS 
and PC into a clay mixture used in Greek 
ceramic production, and to investigate how 
the workability upon extrusion of the 
mixtures obtained is affected and how the 
mechanical strength, water absorption 
capability and thermal conductivity of the 
sintered bricks vary with respect both to the 
SS or PC percentage and to the firing 
temperature. 

2 EXPERIMENTAL 

2.1 Sample Preparation 

Three clay samples from different deposits in 
Central Greece were selected and 
characterized. These clays are considered 
representative of the main types of clayey 
raw materials used by the ceramic industry 
(A, B and C). The composition of the three 
clays used is given in Table 1. 

Table 1. The composition of the clay raw 
materials used in the present study*. 

PARAMETER 
CONSTITUENT 

CLAY (%) 
   A   B    C 

L.O.I.(**) 11.95 9.87 16.54 

SiO2 49.40 52.79 51.02 

Al2 3 12.89 13.53 8.55 

Fe2O3 7.10 7.57 4.66 

CaO 8.58 6.29 11.62 

MgO 4.86 4.31 3.89 

2  2.88 3.19 1.55 

Na2O 1.56 1.57 1.42 

TiO2 0.818 0.855 0.621 

CaCO3 (eq) 14.72 - 24.46 

CO2 6.47 - 10.75 

* Source: TERRA S. A.,   

**L.O.I. = Loss on Ignition 

  
These clays, mixed in certain proportions 

typically utilized by the local brick 
manufacturing industry, were obtained from 
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TERRA S.A. Company, and the resulting 
mixture is referred to as “Viokeral” mixture. 
This clay mixture was used for all 
subsequent processing for manufacturing the 
prototype specimens and the specimens 
incorporating SS and PC. 

2.2  Raw Material Characterization 

Thermal Gravimetric and Differential 
Thermal Analysis (TGA and DTA 
respectively) were carried out on all raw 
materials used, namely i) the “Viokeral” 
mixture, ii) 100% SS, iii) 100% PC, iv) 6% 
SS in the “Viokeral” clay mixture and v) 6% 
PC in the “Viokeral” mixture. This was done 
in increments of 10 

o
C /min up to 1200 

o
C in 

order to determine mass and enthalpy 
changes. Figures 1-3 show the thermal 
analysis results for the “Viokeral” clay 
mixture, the “Viokeral” clay mixture 
containing the 6% SS and the “Viokeral” 
clay mixture containing 6% PC, respectively. 

For the “Viokeral” clay mixture (Fig. 1), at 
950

 o
C, the total mass loss is 11.7% (TGA). 

DTA analysis shows that, at low 
temperatures and up to about 150 

o
C, release 

of absorbed moisture is taking place and the 
process is endothermic.  
 

Figure 1. Thermal analysis (TGA and DTA) 
for the “Viokeral” clay mixture. 

From about 150 
o
C to about 500 

o
C, loss 

of chemically bound water takes place and 
the process is also endothermic. From 500 

o
C 

to about 800 
o
C several endothermic and 

exothermic peaks are observed.  These are 
due to the combined effect of several 

decomposition reactions and the 
dehydroxylation of the silicate lattice. 
Combustion of trapped organic matter is also 
contributing (Kadir & Mohajerani 2011, 
Jordan et al. 2005). From about 810 

o
C to 

about 895 
o
C, the process is strongly 

endothermic, because of the thermal 
decomposition of carbonates. The DTG 
results indicate that the “Viokeral” mixture 
does not belong to the Kaolinitic group of 
clay materials since the characteristic peak of 
the kaolinic clays, which occurs at about 980 
o
C, is absent.  

Incorporating 6% w/w SS into the 
‘’Viokeral’’ mixture (Fig. 2), changes 
dramatically the enthalpy behavior seen in 
Figure 1 (100% ‘’Viokeral” clay mixture). 
The endothermic peaks seen at intermediate 
temperatures are dampened off, while the 
highly endothermic peak between 810 and 
895 

o
C has basically disappeared as a result 

of the exothermicity of the burning of the 
organic material of SS. This has been 
ascertained from a separate DTA analysis of 
100% SS (not shown). Another important 
aspect of Figure 2 is that levelling off of both 
the enthalpy changes and mass loss occurs at 
about 45 

o
C lower temperatures, compared to 

Figure 1, most likely because of the 
contributing thermal energy of the SS. 

 

Figure 2. Thermal analysis (TGA and DTA) 
for “Viokeral” clay mixture containing 6% 
w/w SS. 

Incorporating 6 % w/w PC (Figure 3) into 
the ‘’Viokeral’’ mixture, changes even more 
dramatically the enthalpy behaviour seen in 
Figure 1 (100% ‘’Viokeral clay mixture). 
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Figure 3. Thermal analysis (TGA and DTA) 
for “Viokeral” clay mixture containing 6% 
w/w PC.  

There is a highly exothermic peat at about 
530 

o
C due to burning of PC which entirely 

overwhelms the endothermic decomposition 
reactions observed in Figure 1.  Moreover, 
the levelling off of both the enthalpy changes 
and mass loss occurs at even lower 
temperatures, at about 90 

o
C lower 

temperatures, compared to Figure 1.  In both 
cases (6% SS and 6% PC) TG analysis (mass 
loss) confirms that basically all organic 
material is combusted. 

These findings could have important 
implications, in terms of energy savings, in 
an industrial scale application of these two 
processes, i.e, incorporating SS or PC or both 
into brick clay raw materials. 

2.3 Specimen Preparation and 
Characterization 

All specimens were prepared in the same 
way using a standard pilot-plant procedure 
and equipment. First, the brick clay raw 
materials were ground and mixed with either 
SS or PC in various proportions. Then the 
resulting mixture was homogenized 
thoroughly and water was added to form a 
plastic mass for extrusion in a specific 
apparatus. The plasticity of the mass was 
evaluated. The optimum water content of the 
plastic mixtures varied between 19 and 21%. 
Higher or lower water contents gave poor 
plasticity: below 18% water content, surface  
and possibly bulk cracking of the specimens 

was evident, while above 22 % water 
content, sticking of the plastic mass in the 
internal parts of the extrusion apparatus 
occurred, making extrusion progressively 
difficult. All specimens prepared were dried 
at room temperature for 48 h followed by 
oven drying at 110 o

C for 24 hrs. The 
specimens were then sintered in a computer 
controlled furnace. The first step was heating 
to 500 

o
C, which was reached after heating 

after a 5 h period at a rate of about 1.7 
o
C/min, followed by further controlled 

heating up to the sintering temperature at a 
rate of 4.5 

o
C/min. All specimens remained 

at the sintering temperature for 15 min 
(except for a separate series of specimens 
containing 6% PC that were allowed to 
remain for 720 min at Tsint=950 

o
C), and then 

were gradually cooled to room temperature 
in the furnace. 

In order to determine water absorption, the 
fired samples were weighed before and after 
immersion in water for 24 hr. The 3-point 
bending test was used to determine the 
modulus of rupture of the solid specimens 
using an automated Galdabini CTM/5 tester. 
All measurements were performed on 30 
solid specimens of each composition, and the 
average values are reported in the results 
(Figures 5, 6 and 9).  

Water absorptivity (WA) was calculated 
from the following equation: 
 

 

 
where:  Wwet = the specimens (30) weight 

when saturated with water 
(g) 

Wdry = the specimens (30) weight 
when dry (g) 

 
The open porosity (OP) is defined as the 

volume of open pores of the specimen as a 
percentage of the sample volume and is 
calculated from the following relation:  
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The modulus of rupture (MOR) 

(Koukouzas et al. 2011) in MPa was 
calculated from the following relationship: 
 

 

 
where: P = the fracture load (N) 

L = half of the span between the 
supports of the bend ring (mm)  

B = the width of the specimen (mm) 
W = the height (thickness) of the 

specimen (mm). 

3 RESULTS AND DISCUSSION 

3.1  Sewage Sludge (SS) incorporation  

Figure 4 shows the effect of adding SS into 
the ‘Viokeral’’ clay mixture on water 
absorptivity and the open porosity. Actualy, 
both increase with increasing percentage SS, 
this being attributed to the increased porosity 
of the specimens as a result of the burning of 
the organic fraction of their mass. Weight 
loss from the sintering process varied from 
9% for the ‘’Viokeral’ clay mixture to about 
13.5% for the clay mixture containing 12% 
SS. Experiments are planned to determine 
pore size distribution. 

Figure 4. The effect of adding SS into the 
“Viokeral” clay mixture on water 
absorptivity and open porosity of the sintered 
specimens (Tsint=950 

o
C). 

Figure 5 shows the Modulus of Rupture of 
the speciments both before and after 
subjecting them into 5 cycles of Frost 
Resistance Testing (FRT). 

Figure 5. Modulus of Rupture of the sintered 
specimens incorporating SS (Tsint= 950 

o
C) 

both before and after subjecting them into 5 
cycles of Frost Resistance Testing. 

MOR is inversely proportional with % SS 
content of the clay mixture, and this is 
attributed to the increased porosity of the 
ceramic specimens as SS increases. Up to 
about 3% SS, the decrease in MOR is not 
significant (about 2.5%), while it becomes 
significant at 6% SS (about 13%).  It appears 
that incorporation of SS below 5% does not 
affect the MOR significantly. 

Rupture behaviour after subjecting the 
specimens to a 5 cycle Frost Resistance 
testing is also shown in Figure 5. At 0% SS, 
the MOR of the sintered clay specimens 
shows a significantly increased strength 
compared to that of the corresponding 
specimens not subjected to Frost Resistance. 
The increase is about 25% at 0% SS and it 
decreases gradually as SS is incorporated 
into the clay mixture, eventually tapering off 
at 12% SS. This behaviour is under 
investigation and, to our knowledge, it has 
not been reported in literature before. The 
measured strengthening of the specimens 
may be due, at least in part, to the 
incorporation of magnesium and calcium 
salts into the specimen pores. As pore size 
distribution is not known (has not been 
measured at present) as a function of SS and 
also before and after frost resistance testing, 
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it is not currently possible to reach any solid 
conclusion. 

Figure 6 shows the effect of sintering 
temperature on the MOR of specimens 
containing 6% SS and at sintering 
temperatures of 850, 950, 1050 and 1150 

o
C. 

Figure 6. The effect of sintering temperature 
on the MOR of specimens containing 0 and 6 
% w/w SS. 

The MOR increases gradually with 
increasing sintering temperature up to 1050 
o
C. Apparently, between 1050 

o
C and 1150 

o
C, phase transition, possibly the formation 

of a glass-ceramic phase, occurs. Besides, at 
1150 

o
C, the specimens show a sharp 

shrinkage and change in coloration. Also, 
water absorptivity disappears and hardness 
increases over 10-fold. For sintering 
temperatures between 850 

o
C and 1050 

o
C, 

the MOR increases significantly nearly by 
40%. This significant strengthening is also 
under investigation, and a decreased porosity 
or a change in pore size distribution may be 
partly or in whole contributing. 

The results in MOR increase may be 
correlated empirically with the following 
equation:  
 

 

 
where:  MORp and MORo = the modulus of 

rupture of specimens with porosity 
p and 0 respectively (MPa) 

 
 

This is consistent with the behavior of 
porous materials described by the Rice 
empirical correlation (Rice , 1993). 

Figure 7 shows the variation of the 
thermal conductivity coefficient measured at 
25 

o
C with the % SS content in the clay 

mixture of the specimens. 

Figure 7. The variation of the thermal 
conductivity coefficient at 25 

o
C (k) with the 

% SS content in the clay mixture of the 
sintered (Tsint=950 

o
C). 

The observed decrease in thermal 
behaviour with increasing the SS percentage 
correlates well with the measured increase in 
open porosity (Figure 4). 

3.2  Pet Coke (PC) incorporation  

Figures 8-10 show the water absorptivity, the 
MOR and the coefficient of thermal 
conductivity, respectively, when Pet Coke 
(PC) is incorporated into 
clay mixture. 

Figure 8. The effect of adding Pet Coke (PC) 
into the “Viokeral" clay mixture on water 
absorptivity and open porosity of the sintered 
specimens (Tsint= 950 

o
C). 
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Figure 9. The effect of adding Pet Coke (PC) 
into the “Viokeral” clay mixture on MOR of 
the sintered specimens (Tsint=950 

o
C). 

Figure 10. The effect of adding Pet Coke 
(PC) into the “Viokeral’’ clay mixture on the 
thermal conductivity coefficient (k) of the 
sintered specimens (Tsint=950 

o
C). 

In Figures 8, 9 and 10, by adding PC up to 
6% into the clay mixture, more or less 
similar behaviour to that seen in Figures 4, 5 
and 7 (where SS was added) is observed. In 
fact, water absorptivity and open porosity 
increase, while MOR and thermal 
conductivity decrease, with increasing the 
PC percentage in the clay mixture. 
Increasing porosity leads to lowering of 
MOR and thermal conductivity. Again, a 
decrease of 6.5% in strength (as expressed by 
the MOR values), as well as of 10.2% in 
thermal conductivity, are rather insignificant 
up to 4.5% PC addition. This indicates that 
PC can be incorporated into clays up to about 
5% without substantially affecting 
mechanical strength but with substantial 
gains in thermal insulation and possibly 

reduced fuel consumption and air pollutant 
emissions. This last aspect is also under 
present investigation. 

In all cases, specimens were allowed to 
remain at the sintering temperature of 950 

o
C 

for 15 min. However, separate runs were also 
carried out using specimens from the same 
batches (6% PC) that were allowed to remain 
at 950 

o
C for 720 min instead of 15 min. The 

results are also shown in Figures 8-10. It is 
noted that water absorptivity decreases while 
MOR and thermal conductivity increase as 
sintering times are substantially increased. 
This is most likely due to changes in porosity 
and pore size distribution. The effect is 
probably diffusion controlled. 

4.  CONCLUSIONS 

With the incorporation of either SS or PC up 
to about 6% w/w into the clayey materials: 
a) the mechanical strength of the bricks 

manufactured by extrusion and sintering 
does not change appreciably. 

b) the workability of the plastic mass 
formed is not affected. 

c) the coefficient of thermal conductivity 
decreases, one of the most significant 
findings, indicating the creation of more 
porous microstructures. 

d) the solidification temperature shifts to 
lower temperatures, especially with the 
incorporation of pet coke. In this case, 
smaller amounts of energy could 
apparently be used upon future 
commercialization of the procedure, thus 
leading to fuel savings, and optimum 
firing temperatures in a full scale 
operation could potentially be modified. 
Also lower air pollutants could be 
emitted as a result and some toxic 
pollutants such as heavy metals could be 
solidified into the bricks so-produced. 
The disposal of SS can possibly be done 
in a closed loop system where part of SS 
can be directly mixed with the raw 
clayey materials to form the plastic mass, 
and the rest of SS be dried off with part 
of the exhaust gases from the sintering 
process and subsequently be used as an 
additional fuel. 
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In conclusion, the manufacturing of such 
clay bricks with increased insulation 
capabilities could lead to energy savings in 
buildings. An increased porosity in these 
materials would not affect their performance, 
as they do not, normally, come in contact 
with water and are not exposed to water. The 
results are encouraging showing that the 
incorporation of low amounts of SS and PC 
in clays for the fabrication of extruded bricks 
is possible without significantly sacrificing 
mechanical strength, while energy savings 
and increased thermal insulation could be 
achieved. 
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ABSTRACT The aim of this work is to test Olive Stone Wooden Residue (OSWR) 
utilization in clay bricks manufacturing by applying the sintering technique. For that purpose, 
specimens were moulded using extrusion and then fired at different temperatures. The clay 
used was characterized for its mineral constituents using XRD analysis. Various clay/OSWR 
mixtures were prepared in order to optimize mineral content and keep CaO and MgO content 
to a minimum. Thermal gravimetric analysis of clay, OSWR and clay/OSWR (6 %w/w) 
mixture has been conducted. Density, water absorption, mechanical strength, open porosity 
and thermal conductivity coefficient of fired specimens were determined and evaluated as a 
function of the OSWR percentage and the firing temperature.  

The experimental results showed that clay/OSWR bricks production is feasible, as their 
mechanical properties are not significantly harmed. However, their thermal conductivity 
decreases significantly, which can be of interest for thermal insulating materials development. 
Besides, the shape of the produced bricks does not appear to change as the firing temperature 
increases. 

 
Keywords: Clay bricks, olive stone wooden residue, recycling, porosity, thermal 
conductivity, three-point bending. 
 
 

1 INTRODUCTION 
At a global level, technologies that 
incorporate different forms of biomass and 
other alternative solid products (produced 
from various waste treatments) into red 
ceramics seem to develop rapidly. Actually, 
biomass energy potential is addressed to be 
the most promising among the renewable 
energy sources, due to its spread and 
availability worldwide (Zabaniotou et al. 
2007). The interesting points in these 
technologies are that they (a) can act as an 
efficient disposal method, (b) exploit the 
biomass energy content into clay bodies for 
fuel savings, (c) use of materials with 
organic matter as pore-forming agents 
(Demir 2008, Federici et al. 2009). 

Olive Stone Wooden Residue (OSWR) is 
the main waste produced during the process 
of olive-pomace oil production. In Greece, 
approximately 250000 tons of OSWR are 
produced annually (Vlyssides et al. 2008). 
OSWR is mainly used as alternative fuel due 
to its high calorific value (18828-20577 
MJ/Kg) (Azbar et al. 2004, De la Casa et al. 
2012,Vlyssides et al. 2008). However, if 
OSWR is to be added as a pore forming 
agent into brick clays, it must be carefully 
controlled. High addition of OSWR in the 
ceramic body liberates heat at an excessive 
rate and local heating may cause defects in 
the products (Ruppik 2006). 

The aim of this work is to provide an 
insight of the physical and mechanical 
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properties of ceramic bodies constructed 
with conventional soil and powder of Olive 
Stone Wooden Residue (OSWR), in order to 
advance valorization of this residue and 
obtain value-added materials with interesting 
properties. Actually, incineration of OSWR 
into the ceramic body is expected to 
influence the porosity of the ceramic body 
and consequently the thermal conductivity of 
the produced ceramics. 

2 MATERIALS AND METHODS 

2.1 Raw Materials 

2.1.1 Chemical Analysis 

Clays A, B and C were collected from 
various locations of Central Greece and 
provided by “TERRA S.A.”. “Viokeral” 
mixture, used in the present study, is a 
blending of the above mentioned clays at 
certain proportions. Table 1 contains 
chemical analysis results of the clays A, B 
and C. 

Table 1. Chemical analysis of clays* 

PARAMETER 
CONSTITUENT 

CLAY (%) 
    A     B      C 

L.O.I.** 11.95 9.87 16.54 

SiO2 49.40 52.79 51.02 

Al2 3 12.89 13.53 8.55 

Fe2O3 7.10 7.57 4.66 

CaO 8.58 6.29 11.62 

MgO 4.86 4.31 3.89 

2  2.88 3.19 1.55 

Na2O 1.56 1.57 1.42 

TiO2 0.818 0.855 0.621 

CaCO3 (eq) 14.72 - 24.46 

CO2 6.47 - 10.75 

*   Source: TERRA S. A.  

** L.O.I. = Loss on Ignition 

 
OSWR is the main residue of olive-

pomace oil production processes. Table 2 
presents physicochemical analysis results for 
the OSWR used in the present study while 

Table 3 shows a typical physicochemical 
analysis of OSWR. 

Table 2. Physicochemical Analysis of 
OSWR* 

Physical characteristics 

Net Calorific Value               17818 MJ/kg 

Gross Calorific Value  19269 MJ/kg 

  

Chemical characteristics 

Carbon 48.68 % w/w 

Hydrogen 6.84 % w/w 

* Source: TERRA S.A. 

Table 3. Physicochemical Analysis of 
OSWR* 

Physical characteristics 

Gross Calorific Value**     20962 MJ/kg 

Moisture 12.3 % w/w 

Ash                                                   1.9 % w/w 

Combustibles ***                            85.8 % w/w 
   

Chemical characteristics 

Carbon 48.59 % w/w 

Hydrogen 5.73 % w/w 

Oxygen                          44.06 % w/w 

Nitrogen                          1.57 % w/w 

Sulphur                            0.05  %w/w 

 Source: 1) Laboratory of Applied 

Thermodynamics and 2) Process design 

Laboratory, Aristotle University of Thessaloniki  

**   Dry basis 

*** Wet basis  
 

An advantage of OSWR is that CO2 
emissions for this additive come from the 
biomass (free of calcium carbonate), which 
means that, regarding CO2 emission trading,   
this is a way to reduce the assigned quantities 
of CO2 and lower the carbon footprint,  
because biomass is weighed with a zero 
emission factor (DO L229 ES, 2007). 

2.1.2 Thermal Analysis 

Figure 1 shows the thermal analysis results 
(TGA/DTA curves) for the “Viokeral” clay 
mixture. In these curves, it is observed that 
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up to 150 
o
C, release of hygroscopic water is 

taking place and the process is endothermic. 
From 155 

o
C to 425 

o
C, loss of molecular 

water takes place and the process is also 
endothermic. From 425 

o
C to 775 

o
C, several 

endothermic and exothermic peaks are 
noticed due to combined dehydroxylation of 
the silicate lattice, combustion of organic 
matter and decomposition reactions 
(Chielecki et al. 1974, Smykatz-Kloss 1974). 
From 775 

o
C to 858.8 

o
C, the process is 

endothermic due to the dissociation of 
carbonates. According to these results, the 
“Viokeral” mixture does not belong to the 
Kaolinitic group, since the characteristic 
peak of the kaolinic clays at about 980 

o
C is 

absent. The mass loss upon clay sintering at 
1105 

o
C reaches 11.9 %w/w, which may be 

attributed to the elimination of organic 
matter by combustion, the elimination of 
water due to dehydroxylation, and the 
decomposition of carbonates. 

 

Figure 1. DTA/TGA curves for “Viokeral” 

mixture 

 In Figure 2, the TGA/DTA curves for the 
OSWR used are presented.  

In these curves the following endothermic 
and exothermic regions are noticed: 

1) Up to 152.7 
o
C  

Dehydration (endothermic) 

2) 152.7 
o
C – 438 

o
C       

Combustion of organic matter - Dehydration 

(endothermic)                                   

3) 438 C – 575 C       

Combustion of organic matter                                      

(exothermic) 

4) 575 
o
C – 649 

o
C    

Combustion of organic matter                                  

(endothermic)  

5) 649 
o
C - 682.8 

o
C    

Combustion of organic matter (strongly 

exothermic). 
 

 

Figure 2. TGA/DTA curves for OSWR. 

In Figure 3, the TGA/DTA curves for the 

“Viokeral”/6%w/w OSWR mixture are 

provided.  
 

Figure 3. TGA/DTA curves for 
“Viokeral”/6%w/w OSWR mixture. 

In these curves the following endothermic 

and exothermic regions are noticed: 
1) Up to 110 

o
C 

Dehydration (endothermic) 
2) 110 

o
C - 322.27 

o
C 

Loss of molecular water (endothermic)  
3) 322.3 

o
C - 383.6 

o
C 

Loss of molecular water - Combustion of 
organic matter (exothermic) 

4) 383.6 
o
C -434.3 

o
C  
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Loss of molecular water - Combustion of 
organic matter (endothermic)  

5) 434.3 
o
C - 723.7 

o
C 

Combustion of organic matter (exothermic) 
6) 723.69 

o
C – 774 

o
C 

Dissociation of carbonates (endothermic). 

2.2 Ceramic samples 

Ceramic bodies were produced using as an 
additive 0, 3, 6 and 9 %w/w OSWR powder. 
The OSWR used was obtained from a local 
olive press treatment plant after dewatering. 
A schematic diagram of the proposed method 
is shown in Figure 4. 

 

Figure 4. Schematic diagram of the process 
for the production of ceramics by adding 
OSWR.  

In this work, the clay/OSWR mixtures 
were kneaded and extruded using a pilot 
plant vacuum extruder provided with manual 
cutter. The ceramic rectangular cross section 
bars were 80 mm x 43.5 mm x 18 mm. 
Extruded test pieces were identified and 
weighed for moisture determination using a 
thermobalance. The test pieces dried at room 
temperature for 12 hours and in an oven at 
110 

o
C before reaching a constant weight for 

at least 24 hours. Dried pieces heated 
following a protocol of gradual temperature 
increase up to the desired final sintering  
temperature by using an electric furnace. The 
final temperatures examined were 850, 950, 
1050 and 1150 

o
C. 

2.3 Study of physical - mechanical 
properties 

2.3.1 Water absorption & open porosity  

The samples were immersed in water (25-30 
o
C) for 24 hours. Water absorption (WA) and 

open porosity (OP) are obtained from the 
following relations: 
 

 

 

 

 
where: Wwet = weight of saturated with water 

samples (g) 
           Wdry = weight of dry samples (g) 
                density of water (1 g/cm

3
) 

              Vs = volume of the samples (cm
3
) 

2.3.2 Three point bending strength 
(Modulus of Rupture) 

Modulus of Rupture (MOR) upon three point 
bending testing of the sintered specimens 
was calculated from the following equation 
(Koukouzas et al. 2011): 
 

 

 

where: P = force (N) 
            L = the opening width (36 mm) 
            b = width of sample (mm) 
           w = thickness of the sample (mm) 

3 RESULTS AND DISCUSSION 

3.1 Mass loss on firing and appearance-
brick colour 

Figure 5 depicts the weight loss and the 
consequent change of the bulk density of the 
specimens, as a result of the sintering 
process. 

The experimental results have shown that 
the sintering process causes significant 
weight loss, without significant change of the 
volume of the specimens. This results in an 
almost linear depletion of density with 
OSWR content raise. Raising of the sintering 
temperature (Tsint) from 850 

o
C up to 1050 

o
C 

does not affect either the outlook or the 
geometry of the specimens. At Tsint=1150 

o
C 

however, significant changes are observed: 
the colour becomes dark brown, the texture 
vitreous and the samples almost waterproof 
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(water absorption measurements confirm this 
observation), and also intense sample 
shrinkage occurs. Nevertheless, the specimen 
geometry is kept without any distortion, 
despite the large ratios of width/thickness 
(>2.3) and length/thickness (>4.3). 

 

 
Figure 5. Specimen weight loss and bulk 
density variation as a function of % OSWR 
content due to the sintering process 
(Tsint=950 

o
C). 

The experimental results show that the 
observed weight loss is attributed to the loss 
of the added OSWR. In particular, for 
clay/OSWR (6%w/w) mixtures, the weight 
loss corresponds to more the 97% of the 
OSWR mass (950 

o
C <Tsint<1050 

o
C) or 

more than 80% of the OSWR mass 
(Tsint>1050 

o
C or Tsint<950 

o
C). The above 

observations confirm that OSWR can act as 
pore-forming agent. Moreover, increasing 
the OSWR content in the clay mixtures 
results in the weakening of the terracotta 
color of the specimens, which become more 
pale.   

3.2 Water absorption and open porosity 

In Figure 6 the influence of the OSWR 
proportion in the clay/OSWR mixtures on 
the water absorption (WA) and open porosity 
(OP) is shown. 

The experimental results show that water 
absorption and open porosity do not change 
significantly, as far as the OSWR percentage 
in clay/OSWR mixture does not exceed 6 
%w/w. A slight increase in the parameters 
under study seems to occur for 9%w/w of 

OSWR in the mixture. It, therefore, can be 
assumed that, for clay/ OSWR mixtures with 
up to 6%w/w OSWR content, it is possible 
that formation of closed pores is favored 
(significant weight loss but stable water 
absorption). 

 

Figure 6. Influence of the added OSWR on 
Water Absorption (WA) and Open Porosity 
(OP) of sintered specimens (Tsint=950 

o
C).  

3.3 Modulus of Rupture (MOR) 

In Figure 7, the dependence of the MOR 
upon three-point bending testing of the 
specimens on the OSWR percentage in the 
clay/OSWR mixtures is presented. 

 

Figure 7. MOR in relation to OSWR 
percentage in clay/OSWR mixtures, for 
sintered specimens (Tsint=950 

o
C) 

The experimental results indicate that, for 
OSWR up to 6 %w/w in the clay/OSWR 
mixture, the bending strength of the sintered 
samples is reduced by approximately 20% 
compared to the samples produced from clay 
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(0 %w/w OSWR). This trend seems to 
decelerate significantly for OSWR 
percentages higher than 6 %w/w. 

In Figure 8, the variation of MOR in 
relation to sintering temperature is shown. 
According to the experimental results, from 
850 

o
C to 950 

o
C, the MOR remains stable, 

from 950 
o
C to 1050 

o
C, the MOR increases 

by approximately 27%, while for sintering 
temperatures above 1050 

o
C, the MOR 

rapidly increases (by approximately 140% up 
to 1150 

o
C). It is also noted, that for 6 %w/w 

OSWR mixtures compared to clay (0 %w/w 
OSWR) mixtures, the MOR is reduced by 
approximately 20 %. 

 

Figure 8. MOR in relation to sintering 
temperature (6 %w/w OSWR content).  

3.4 Thermal conductivity 

In Figure 9 the change in thermal 
conductivity coefficient in relation to %w/w 
OSWR in the clay/OSWR mixture is 
presented. 

The experimental results show that 
thermal conductivity is reduced by 
approximately 20 % for 3 %w/w OSWR 
addition in clay mixtures, while for more 
than 3 %w/w of OSWR, the reduction in 
thermal conductivity becomes smoother 
(approx. 30 % for 9 %w/w OSWR). This 
means that even small quantities of OSWR 
in the clay mixture improve considerably the 
heat transfer resistance of the ceramic 
material produced. 

 

Figure 9. Thermal conductivity coefficient 
(k) at 25 

o
C in relation to % OSWR addition, 

for sintered specimens (Tsint=950 
o
C). 

Figure 10 depicts the effect of sintering 
temperature on thermal conductivity. 

 

Figure 10. Effect of sintering temperature on 
thermal conductivity coefficient (k) at 25 

o
C.  

For 6 %w/w OSWR in the clay mixture, 
thermal conductivity is reduced by 18.1 % at 
Tsint=850 

o
C and by 25.3 % at Tsint=950 

o
C, 

while, at 1050
o
C, a more pronounced 

reduction in brick specimen thermal 
conductivity is observed. This means that the 
incorporation of the pore making agent 
OSWR in clay bricks promotes the insulating 
properties even at lower sintering 
temperatures and much more at higher firing 
temperatures.  

4 CONCLUSIONS  

The experimental results show that adding 
OSWR, the main solid residue of olive-
pomace oil production processes, into clay 
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mixtures typically used by the ceramic 
industry for brick manufacturing, does not 
hinder neither the extrusion, nor the drying 
and firing processes. Mechanical properties 
of the produced bricks, such as bending 
strength are not modified significantly, when 
OSWR content does not exceed 3 %, while 
MOR is reduced by 20 % when OSWR 
percentage attains 6 %, and this trend seems 
to decelerate furthermore at higher % OSWR 
content in the mixture. For sintering at 850 
o
C or 950 

o
C, the brick bending strength 

remains stable, while, at 1050 
o
C, it increases 

by approximately 27 %, and much more at 
1150 

o
C sintering temperatures. 

A decrease in the fired bulk density from 
approximately 1.62 g/cm

3
 to 1.33 g/cm

3
 was 

attained for an OSWR addition of 9 % at 950 
o
C. Thermal conductivity is reduced by 21.2 

% approximately for a 3 % addition of 
OSWR in clay mixtures (0.385 Wm

-1
K

-1
) 

while, the three point bending strength 
(M.O.R.) is around 7 MPa. 

In conclusion, beneficial utilization of 
OSWR can be attained in two ways: (a) 
production of high density bricks, at low % 
addition of OSWR as a body fuel, and (b) 
production of lower density bricks at OSWR 
percentages greater than 3 %, both as a body 
fuel and pore-former agent. Hence, the 
valorization of an olive-oil industry by-
product can be achieved, while the fired clay 
brick industry can benefit from reduced 
heating requirements. The novel ceramics so-
produced are almost equivalent to the 
traditional ones, while also exhibiting lower 
thermal conductivity. 
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1 INTRODUCION 

Arsenic is a potentially poisonous element 
which can occur naturally in rock, soil, and 
groundwater. Arsenic concentration in rocks 
varies by mineralogy, rock type, and 
geologic setting (Wang and Mulligan, 2006). 
Human exposure to arsenic may be through 
pathways, including air, food, water, and soil 
(Cullen and Reimer, 1989; NRC, 1999). 
Ingesting food or water containing more 
than 0.01 mg/L of inorganic arsenic is 
harmful to the body, while an inorganic 
arsenic content exceeding 60 mg/L can be 
fatal (WHO, 1993). 

High concentrations of arsenic in water, 
sediments and soils have been reported from 

different regions in the world. According to 
Ravenscroft et al. (2009) natural arsenic 
pollution of drinking water has been 
reported from over 70 countries world-wide, 
affecting an estimated 150 million people. 
Asian countries have the global scenario of 
arsenic pollution specially Bangladesh, 
India, China, Pakistan, Myanmar, 
Afghanistan, Cambodia (Mukhrejee et al. 
2006). Arsenic pollution with natural source 
was determined in some area at Logar 
province, Afghanistan (Saltori, 2004). In 
Central Pakistan (Muzaffargah) arsenic 
pollution with natural and anthropogenic 
source was observed (Nickson et al. 2005). 
High concentrations of arsenic in the 
shallow groundwater of Simav plain, Turkey 
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ABSTRACT Geochemical and mineralogical features of the stream sediments of Kouhsorkh 
area, NE Iran, where arsenic contamination have been reported were studied for better 
understanding of sources and mobilization processes responsible for arsenic enrichment in 
water resources. Based on geological information Tertiary volcanic rocks are the main rock 
formations and some hydrothermal ore deposits such as As, Sb, Au, Hg, Cu and kaolin were 
occurred in this area. Concentration of arsenic in sediments samples was determined between 
4.2 - 268.2 ppm, which is higher than permissible limits of As in soil and sediments based on 
US EPA (2004). Chemical analysis, X-ray diffraction and scanning electron microscopy on 
sediment samples demonstrate that iron oxides/oxyhydroxides, clay minerals, carbonate and 
gypsum are the dominant carriers of arsenic in the sediments. The major processes of arsenic 
mobilization are probably linked to desorption of As from Fe oxides/oxyhydroxides and 
reductive dissolution of Fe-rich phases in the sediments under reducing and alkaline 
conditions. 
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were reported by Gunduz and Simsek 
(2007). 

Iran is not exceptional from its neighbor 
countries. There are some reports from 
natural arsenic pollution such as the Takab 
area, Zanjan province with gold-mining 
activity (Modabberi and Moore 2004), 
Kordestan province (Mosaferi et al. 2003). 
Parveresh et al. (2008) and Ghasaemzadeh et 
al. (2006) reported arsenic and antimony 
pollution in water at the Kouhsorkh area. In 
this article we present some another 
evidence of arsenic pollution in sediments 
and major processes of arsenic mobilization 
at the Kouhsorkh area. 

2 MATERIAL AND METHOD 

2.1 Location and Geological Setting 

Kuohsorkh area is located at 35 km of North 
Kashmar, Khorasan province, NE Iran (fig 
1). It is a mountainous and semiarid region. 
The area is situated between 58.18-58.33 
longitude 35.28- 35.38 latitude degrees in 

north Kashmar Mountains. According to the 
tectonical – sedimentary division of Iran, 
this area is belonging to north east of central 
Iran. Geological and petrological 
investigations show that the main rock 
formation in the area consists of tertiary 
volcanic rocks. Volcanic rocks comprise 
Andesite to Dacite and Plutonic rocks 
include difference types of Diorite-
Monzodiorite, Gabbro-Gabbrodiorite and 
Granodioritic rocks in a small outcrop. 
Expanding of pyroclastic unit, include tuff, 
agglomerate and tuffaceous sandstone, show 
explosive eruption in this area. 

In Kohsorkh area was observed many 
hydrothermal ore deposits and 
mineralization as As-Sb-Au, mercury, 
copper, chrome, magnesite, talk, limestone, 
gypsum, kaoline, and marble. Especially 
Kalatechubak and Chelpo hydrothermal As-
Sb ore deposit which are the main natural 
source for arsenic pollution at this area.  The 
main ore minerals are stibnite, realgar, 
orpiment, stibicunite, pyrite, iron hydroxide, 
and calcite (Narimani, 2001).  

 

Figure 1. Location of the study area and geological map (1/100,000) 
 

Arsenic and antimony in this naturally 
polluted area are derived from fault zone 
where the Paleogene deposits have been cut 
by faults and the ore deposits formed along 
these zones (Mazlomi, 2008). 

2.2 Sampling 

The major minerals binding As in sediments 
are the metal oxides, particularly those of Fe, 
Al and Mn; clay minerals, carbonates and 
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phosphate (smedlly and Kinniburgh 2002 
and Fernandez et al. 2006). So In order to 
finding minerals adsorbing arsenic in 
sediments and understanding the realizing 
mechanism of arsenic to water, 
determination of mineralogical composition 
of the sediment is necessary. Therefore after 
determinations of arsenic in sediments, we 
did mineralogical research on the selective 
sediments. 

Samples were collected from the location 
of sources water (spring, wells, and 
aqueduct) that have high concentration of 
arsenic (Parvaresh 2008). Samples were 
taken from 20 cm depth of sediment canal. 
Sediment samples sieved through 80 mesh, 
and separated particles with less than 180 
micrometer size. Trace element 
concentrations in the sediment samples were 
analyzed by ACML Group Laboratories, 
Canada, using ICP-MS. Typical sediment 
samples were selected and examined for 
mineralogical details with a polarizing 
microscope, scanning electron microscope 
(SEM), and X-ray diffractometry (XRD). 

3 RESULT AND DISCUSSION 

The first geochemical study in the 
Kouhsorkh area was done by a Chinese 
group in 1996. Based on their results on 
stream sediment sampling, the concentration 
of arsenic was determined to be between 4 
and 482 ppm (Jiangxi 1996). Also Parvaresh 
et al. (2008) reported Concentrations of As 
in natural water range between 10 – 650 ppb, 
exceeding EPA and WHO limits. They 
proposed that volcanic activities have an 
important role in the concentration and 
creation of elemental anomalies, which has 
led to the contamination of the region’s 
water resources. 

Our geochemical research was limited to 
the area with the highest concentration of 
arsenic in the water. Fifty elements were 

measured for each sample and data for some 
of the more important elements are presented 
in Table 1. The results of ICP-MS analyses 
have shown the concentration of arsenic are 
between 8.2 to 268.2 ppm in 20 stream 
samples with less than 180 mm size (Tabasi 
and Abedi 2012). Permissible limits of As in 
soil and sediment vary from 0.39 mg/kg for 
residential soil to 1.6 mg/kg for industrial 
soil with direct contact exposure (US EPA 
2004). Since concentration of arsenic in the 
sediments at Kouhsorkh area is higher than 
permissible limits, so this sediment is 
polluted to arsenic. 
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Table1. Chemical composition of sediment samples with ICP-MS. 

 
 

 Fe As Sb Cr Ca Co Zn Ni S P 

 % PPM PPM PPM % PPM PPM PPM % % 

Sample           

S1 3.04 129 0.61 124.9 7.09 24.1 58.2 233.1 0.09 0.043 

S2 2.86 187.8 0.76 102.3 8.37 22 56.5 200.5 1.3 0.044 

S3 2.89 268.2 1.13 94.8 7.97 21.6 55 181 0.74 0.049 

S11 3.8 12.4 0.19 119.8 2.98 36.8 73.8 326.2 <0.02 0.081 

S12 3.54 7.6 0.16 149.3 6.28 29.1 85.6 297.1 0.04 0.35 

S13 3.81 9.3 0.12 69 5.3 23.2 67.7 85.7 0.03 0.066 

S14 3.31 4.2 0.07 217.7 3.79 34.7 48.3 511.6 <0.02 0.044 

S15 3.59 5.2 0.11 185.6 3.28 31.9 53.4 425.5 <0.02 0.048 

S16 3 7.1 0.12 108.3 5.35 21.4 49.4 187.5 <0.02 0.045 

S17 2.78 8.2 0.13 85.8 7.95 20 45.2 126.3 0.07 0.037 

S18 2.66 7.1 0.14 84.2 5.69 15.7 48 108.1 0.05 0.049 

S19 2.53 11.7 0.23 77.2 4.81 15.9 46 127 0.36 0.05 

S20 2.97 10.9 0.22 137.8 5.1 18.4 42.3 175.8 <0.02 0.047 

S21 3.37 11.2 0.21 89.6 5.1 20.9 52.6 147.2 0.02 0.06 

S22 3.49 9.3 0.19 100.6 5.01 21.6 45.3 159.7 0.03 0.043 

S23 3.06 10 0.14 110.2 4.74 24 39.4 203.6 0.08 0.037 

S24 3.62 8.9 0.19 93.2 4.74 23.6 48.6 156.9 <0.02 0.039 

S26 2.01 13.4 0.23 69.4 16.32 12.7 33.5 87.4 0.02 0.043 

S27 3.63 14.2 0.3 181.2 2.17 18.3 64.5 131.8 <0.02 0.054 

27 3.42 12.5 0.3 163.2 1.12 17.4 52.2 122 <0.02 0.048 

Coefficient regression was calculated 
between the data. Arsenic has a positive 
regression with the Sb, Ca, Sr, B, Li and S 
elements. But As have a negative regression 
with other elements such as Fe, Cr, Co, Ni, 
Zn, Mg and P. 

The pH values of sediment samples were 
found to be in the range of 7.54–8.46 with an 
average of 8. Therefore, high pH under 
oxidizing condition is predominant in this 
environment. 

Based on ore microscopy investigations 
magnetite, titanomagnetite, hematite and 
other Fe oxides/oxyhydroxides minerals are 
the most minerals that were observed in 
sediments with less than 180 mm size (fig 
2a). Also a little grains of pyrite were 
observed. Some of the pyrite grains were 
altered to iron oxides/oxyhydroxides (fig 
2b). 

 

  

Figure 2a. magnetite grains with higher 
reflection .(100x) 

Figure 2b. A relief of pyrite which oxide to 
Iron oxide (hydroxide). (500x) 

 
In addition to iron minerals, arsenic may 

also be adsorbed to the edges of clays and on 
the surface of calcite (Goldberg and Glaubig, 

1988) a common mineral in sediments, 
however Fernandez et al. (2006) demonstrate 
that arsenic can replace into the C 
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crystallographic site in calcite. Results of 
XRD showed that the principal minerals 
present in the sediments are quartz, calcite. 
Feldspate, muscovite, hematite, gypsum and 
clay minerals are the subordinate minerals. 
The clay minerals were detected as 
montmorionit and chlorite (Tabasi et al. 
2009). The XRD equipment was disabling to 
determinate Fe-oxides such as hematite, 
magnetite, and goethite. These minerals were 
detected by reflected polarizing microscope 
studies. 

In first stage of SEM observations were 
carried out 3 samples from sediment with 
high concentration of arsenic. Fe-oxides 
minerals as magnetite and titanomagnetite 
were observed in different forms (fig 3a). 
Distribution of arsenic in one grain of 
magnetite was done (fig 3b, c), its result was 
detected that arsenic distribution was limited 
to the edge of magnetite grain (Tabasi and 
Abedi 2009). 

 

( c) (b) (a) 

Figure 3. (a) BSE image of magnetite in sediment sample, (b) EDS image of Fe in 
magnetite mineral, (c) EDS image of As in magnetite mineral. 

 

The second stage of SEM studies was 
performed at sediment less than 180 mm size 
with SEM+EDS. Many points of polished 
sample were tested for finding arsenic phase. 
In 3 parts pick of arsenic was appeared 
which is accompany with the pick of Fe, S 
and oxygen. It should be resulted that 
arsenic probably originates from weathering 
of iron sulphide in some part of sediments 
(Fig 4a, b). 

Mineralogical observation has shown a 
high presence of Iron oxide (hydroxide) in 
sediments and also weak Arsenic dispersion 
in these minerals. Also the results of 

geochemical analysis showed a negative 
correlation between the concentration of 
Arsenic and Iron in sediments. Above 
conclusion can be as a result of arsenic 
release under desorption condition of Iron 
oxide and hydroxide consequently Arsenic 
concentration increase in surface water 
(Smedley and Kinniburgh, 2002; 
Stollenwerk, 2003). 
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4 CONCLUSION 

Accurate assessment of the mechanism of 
arsenic release will help to identify safe 
drinking water resources and to evaluate 
treatment methods for contaminated waters. 
The four mobalization mechanisms are 
responsible for distributing of arsenic 
pollution, including Reductive-Dissolution 
(RD), Alkali-Desorption (AD), Sulphide 
Oxidation (SO) and Geothermal (GT) 
(Rovenscroft et al 2009). Negative 
correlation between As and Fe and the 
mineralogical composition of the sediment at 
the study area probably are adjusted with AD 
mechanism. Furthermore Rovenscorft et al 
(2009) were expected that AD and GT are 
the most important mechanism to arsenic 
pollution in Iran and Turkey. Also 
geological formation, especially young 
sediments aquifer and volcanic activity 
confirm it. Due to the complexities of these 

processes and the potential occurrence of 
simultaneous processes, identification of 
mechanisms responsible for a particular case 
of arsenic contamination is often difficult. 

negative correlation between As and Fe in 
sediment samples of study area can show 
most arsenic adsorbed to Fe 
oxides/oxyhydroxides has released under 
Alkali-Desorption (AD) condition. Also 
according to this research, other minerals 
such as clay minerals, calcite, gypsum and 
quarts could be adsorbent of arsenic in 
sediments at Kouhsorkh area.  

REFERENCES 

Cullen, W. R., Reimer, K. J, 1989. Arsenic 
Speciation in the Environment. In: “Essential of 
medical geology”, Selinus, O. Elsevier Academic 
Press, pp826. 

Fernandez, M. Roman, R. Cullo, G.J. Turrillas, X. 
2006. Arsenic uptake by gypsum and calcite: 
Modelling and probing by neutron and X-ray 
scattering. Physica. B. 935-937. 

 
 

 

 

(b)(a) 

Figure 4 a,b. BSE images and EDS analysis of SEM at background and metal mineral in 
sediment sample respectively.



405

23rd

Ghasaemzadeh, F., Arbab-Zavar, M. H., McLennan, 
G. 2006. Arsenic and Antimony in Drinking 
Waternin Kouhsorkh Area, Northeast Iran 
Possible Risks for the Public Health. Journal of 
Applied Sciences, 6(13), 2705–2714 

Goldberg, S., Glaubig, R.A., 1988. Anion sorption 
on a calcareous, calcareous, montmorillonitic soil 
arsenic. In: “Smedley.A “reveiew of the source 
,behaivour and disturbution of arsenic in natural 
water”, Applied Geochemistry ,17,517-568 

Gunduz, O. & Simsek, C. 2007. Mechanisms of 
arsenic contamination of a surfacial aquifer in 
Turkey. 6th International Groundwater Quality 
Conference held in Fremantle, Western Australia. 

Jiangxi, Geophysical and geochemical exploration 
company, China. 1996. Explanatory text of 
geochemical map of Shamkan. Geochemical 
survey of Iran. 

Mazlomi, A. R, 1992. Study of geology and 
geochemistry of gold deposits of Ali-Abad area 
and alteration zones in KohSork, north of 
Kashmar. M. Sc. Thesis, Faculty of Geoscience, 
Shahid Beheshti University, Tehran, Iran, p. 123. 

Modabberi, S., & Moore, F. 2004. Environmental 
geochemistry of Zarshuran Au-As deposit, NW 
Iran. Journal of Environmental Geology, 46, 796–
807. 

Mosaferi, M., Yunesian, M., Mesdaghinia, A., 
Nadim, A., Nasseri, S., & Mahvi, A. H. 2003. 
Arsenic occurrence in drinking water of I.R. of 
Iran: The case of Kurdistan province. BUET-UNU 
International symposium fate of arsenic in the 
environment, Dhaka, Bangladesh, 5–6 February, 
2003. 

Mukherjee, A. Sengupta, M. Hossin, M. 2006. 
Arsenic contamination in Groundwater: A Global 
Perspective with Emphasis on the Asia scenario. 
J. Health popul nutr., 24(2),142-163. 

Nickson, R.T. McArthur, J.M. Shrestha, B. 
Kyawmyint, T.O. Lowry, D. 2005. Arsenic and 
other drinking water quality issues, Muzaffargarh 
district, Pakistan. In: “A Global Perspective with 
Emphasis on the Asia scenario”, Mukherjee, A. et 
al., J. Health. Popul. Nutr, 24(2),142-163. 

NRC 1999. Arsenic in Drinking Water. National 
Academy Press. Washington DC. In: “Essential 
of medical geology”, Selinus, O. Elsevier 
Academic Press, 826p. 

Parvaresh, M. 2008. Geological and petrologycal 
envestigation on tertiory volcanic rocks of 
Kouhsorkh area. M sc thesis, Shahrood 
University of Tecnology, Shahrood, Iran 
(unpublished). 

Parveresh, M., Saadat, S., Mahdizadeh, H.,  Abedi, 
A. 2008. Arsenic contamination in the water 
resource of Kouhsorkh (Kashmar) area, NE 
IRAN. In: “Proceeding of the 2

nd
 international 

congress on arsenic in the environment”, 
Valencia, Spain, p. 91. 

Ravenscroft, P., Brammer, H., & Richards, K. 2009. 
Arsenic pollution: A global synthesis. Chichester: 
Wiley. 

Saltori R. 2004. Arsenic contamination in 
Afghanistan. Preliminary findings Kabul: 
DACCAR, 2004:1-15 

Schreiber, M. E., Gotkowitz, M. B., Simo, J. A., and 
Freiberg, P. G., 2003. Mechanisms of Arsenic 
Release to Ground Water from Naturally 
Occurring Sources, Eastern Wisconsin, In: 
“Arsenic in groundwater”, (weich A. H., 
Stollenwerk K. G., Ed.), Kluwer Academic 
Publishers, United States of America, chap 9. 

Smedley, P. L., & Kinniburgh, D. G. 2002. A review 
of the source, behavior and distribution of arsenic 
in natural waters. Journal of Applied 
Geochemistry, 17, 517–568. 

Stollenwerk, K. G., 2003. Geochemical Processes 
Controlling Transport of Arsenic in Groundwater: 
A Review of Adsorption. In: “Arsenic in 
groundwater” (weich A. H., Stollenwerk K. G., 
Ed.), Kluwer Academic Publishers, United States 
of America, chap 3. 

Tabasi .S, Abedi, 2012. A medical geology study of 
an arsenic contaminated area in Kouhsorkh, NE 
Iran, Environmental Geochemistry and Health 
Journal, 34(2):171-179. 

Tabasi .S, Abedi .A, and Parvaresh .M, 2009. 
Mineral-geochemical investigation in order to 
determinate the arsenic bearing mineral in the 
stream sediments at the Kouhsorkh polluted area, 
NE Iran, Goldschmidt 2009, Davos, Switzerland. 

Tabasi, s, Abedi, a, 2009. Iron oxide minerals as a 
recognition main adsorbent of Arsenic in the 
stream sediments at Kouhsorkh area, NE Iran. 
The 17th Symposium of Society of 
Crystallography and Mineralogy of Iran. 

US EPA (US Environmental Protection Agency, 
Region 9). 2004. Preliminary remediation goals 
for superfund sites, PRGs, 2002 Table. 
http://www.epa.gov/region09/waste/sfund/prg/file
s/04prgtable.pdf 

Wang, Suiling. Mulligan, Catherine N. 2006. 
Occurrence of arsenic contamination in Canada: 
Sources, behavior and distribution. Science of the 
Total Environment. , 366, 701– 721. 

World Health Organization (WHO), 1993. 
Guidelines for drinking water quality, 2nd ed. 
Recommendations. In “Occurrence of arsenic 
contamination in Canada: Sources, behavior and 
distribution”, Suiling, W. Catherine, M. N. 
Science of the Total Environment. , 366, 701– 
721. 



406



407

23rd



408



409

23rd



410



411

23rd



412



413

23rd



414



415

23rd

ABSTRACT The kaolin is clay white, friable and refractory, made up mainly of alumina 
silicates. Discovered at the origin in China, they are the base of the porcelain manufactures of 
rubber, but are especially used for the industry of paper, ceramic, etc... 

The mine of Djebel Debbagh is made up of a kaolin Layer moreover than 200.000 tons of 
reserves. 

In this study we took kaolins samples from the mine of Djebel Debbagh, located in Guelma 
city, Algeria. The treatment of this kaolin carried out by a manual sorting (separation) until 
2004, in this date, the manual sorting treatment has been stopped.  

The granulometric analysis performed at the laboratory; show that kaolin can be usable in 
various industries existing in Algeria such as the ceramic industry, paper, painting, etc.  

According to the chemical analysis, the kaolin of Djebel Debbagh is a kaolin alumina-
silicate of the first order, very low in harmful minerals like Fe2O3 and TiO2, which places it 
among the kaolins most sought by various industries.  

The presence of MnO in small quantity, always gives a gray or blackish color to the 
kaolins, therefore a bleaching is necessary to satisfy the consumer’s needs. 

 
Key words: Sample, harmful elements, kaolin, bleaching, granulometric analysis  

 
 
1 INTRODUCTION 
 

Kaolin is one of the most widely used 

industrial minerals; its world's total output 

exceeds 25 million tons (Wilson, 2003), his 

name is drifted from the name of the Chinese 

city (Kao-ling) by comparison with the raw 

materials of this region employee for the 

manufacture of the china (A. Jordan, F. 

Benot-Catio, 2000). It is one of the most 

widespread raw materials in the world.  
The kaolin in Djebel Debbagh deposit is 

extracted and exploited since one century.  
Kaolin generally presents different 

features in the same deposit. This deposit has 
a hydrothermal formation and is close to the 
repute thermal sources (Lalmi Khier, 2008). 

The quality of this kaolin change with the 
lodes of extractions, some lodes give an 
appearance very white, on the other hand, the 
others are characterized by a color, which 
varied between gray and blackish color. 

The treatment method used for this kaolin 
is the manual sorting, where the workers 
select the good quality of kaolins and they 
leave the bad quality.  

Kaolin marketed, satisfied generally the 
following conditions: 

- To remain white after burning to 
1400°C;  

- To present a maximum diameter of the 
g
exceed 50 -  
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- To contain at least 80% in weight of 
kaolinite (Belamri Zehira, 2008). 

The essential objective of this study is to 

characterize kaolin from the Djebel Debbagh 

deposit by a granulometric and chemical 

analysis to fix its future treatment and then 

its utilization in the different industries on 

the national level and why not on the 

international level. 

1.1 Geographic Situation 

The Djebel Debbagh mine is situated at 35 
km to the Northwest of Guelma city and at 7 
km in the N-NE of the thermal sources of 
Hammam Debbagh (ex Meskhoutine) 
(Figure 1). 
 

 

Figure 1. Geographic Situation of Djebel 

Debbagh 

 
This massif belongs to the most important 

calcareous chains of the Constantinois neritic 
mole (marine sedimentation); it’s lengthened 
on meadows of 10 km from E-W and large 
of 3 km from the North to the South (ENOF, 
2004).  

The Djebel Debbagh layer is located in the 

karstics cavities. Currently 74 karstics 

cavities exist on the whole layer (ENOF, 

2008). He presents two parallel crest lines 

oriented East-west, His altitude varies from 

700m to 1060 m (Soalka SPA, 2012). 

2 MATERIALS AND METHODS 

Three kaolins samples (labeled KDD1, 
KDD2, and KDD3) have been extracted 
from the Djebel Debbagh mine, following 
criterion of different color, as raw materials, 
were accordingly analyzed. These samples 
are presented in the below figures. 

 
Figure 2. Very White kaolin KDD1 
 
 

 

Figure 3. Gray kaolin KDD2 

 

 

Figure 4. Blackish kaolin KDD3                 
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3 

2.1 Granulometric (Grains Size) 
Analysis  

The granulometric analysis is a set of the 
operations allowing studying the distribution 
of the different grains samples, according to 
their features (weight, size…). The 
experimental results of granulometric 
distribution can be represented as tables or 
diagrams (graphs). 

2.1.1 Method of measure 

The method used in the granulometric 
analysis for the three samples of kaolin is the 
method of Sifting. This last consists to 
measuring the weight of matter that passes 
through a set of sifter with calibrated stitches. 
We superimpose the sifters by decreasing 
stitch and we measure the weight of matter 
retained on every sifter. We also know that 
our kaolin includes some grains very thin, 
therefore to realize our analysis better, we 
have put our kaolin under a flux of water 
associates with depression, and then each 
refusal must be dried then weighed. 

2.1.2 Used materials  

To realize this analysis, the necessary 
materials include: 
 

 Series of sifters 
 Vibrating electric machine 
 System of watering 
 Containers for the recuperate 

products 
 Electronic balance  
 An electric drier 
 A mortar 

 

We use some sifters with square stitch; the 
nominal dimension of the sifter is in 
millimeter (NF norm X 11-501).  

The samples are prepared according to the 
different techniques of the kaolins 
elaboration; they are crushing with a mortar 
until the obtaining a fine powder, this last 
have a good aptitude to be sifting and then 
we weighed 100g of each kaolin samples 
(KDD1, KDD2, KDD3) by an electronic 
balance. After the crushing and the 

weighing; the three samples undergo a sifting 
(set of sifter one on the other) with 
dimensions of stitch between 1,6mm and 
0.040mm, and with the presence of water 
pressure witch the very fine particles can be 
passed through the sifters. 

 
The studied kaolin is versed in top of the 

column of sifters that is enters in vibration. 
 
The obtained results are represented in the 

following tables: 

Table 1.Granulometric analysis of KDD1 

 
Dimension 

(mm) 

Accumulated 

refuse   (g) 

Accumulated 

refuse (%) 

Accumulated 

sift (%) 

+1,60 2,5 2,5 97,44 

+1,00 5,80 8,30 91,64 

+0,500 8,02 16,32 83,62 

+0,200 17,75 34,07 65,87 

+0,100 30,00 64,07 35,87 

+0,063 20,30 84,37 15,57 

+0,040 11,55 95,92 4,02 

-0,040 4,02 99,94 0,00 

 

Table 2.Granulometric analysis of KDD2 
 
Dimension 

(mm) 

Accumulated 

refuse   (g) 

Accumulated 

refuse (%) 

Accumulated 

sift (%) 

+1,60 3,00 3,00 96,98 
+1,00 7,02 10,02 89,96 
+0,50 9,25 19,27 80,71 
+0,20 19,01 38,28 61,70 
+0,10 32,46 70,74 29,24 
+0,063 20,22 90,96 9,02 
+0,040 6,00 96,96 3,02 
-0,040 3,02 99,98 0,00 

 

Table 3. Granulometric analysis of KDD3 

 
Dimension 

(mm) 

Accumulated 

refuse   (g) 

Accumulated 

refuse (%) 

Accumulated 

sift (%) 

+1,60 2,00 2,00 97,95 
+1,00 4,45 6,45 93,05 
+0,500 8,11 14,56 85,39 
+0,200 17,50 32,06 67,89 
+0,100 28,00 60,06 39,89 
+0,063 25,33 85,39 14,56 
+0,040 6,65 92,14 7,91 
-0,040 7,91 99,95 0.00 
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The granulometrics graphs are represented in 

the figure 1, 2 and 3; 

 

Figure 5. Granulometric graph of KDD01 

 

Figure 6. Granulometric graph of KDD02 

 

Figure 7. Granulometric graph of KDD03 

2.2 Chemical Analysis 

The chemical analysis of the samples 
KDD 1, KDD2 and KDD3 are presented in 
the table 4. 

This analysis shows that our kaolin is a 
clay alumina-silicate, the SiO2/Al2O3 reports 
of the three kaolins are respectively; 1.18, 

1.14, 1.12, these values indicate that the 
quality of our kaolins is varied, the KDD1 
characterized by a very good purity, the 
second KDD2 characterized by a middle 
quality, and on the other hand the third 
KDD3 characterized by a weak quality. 

 

Table 4. Chemical analysis of the three 

kaolins 
Elements         KDD1          KDD2           KDD3 

     SiO2              44,30             43,58              42,57 

     Al2O3            37,51             38,14              37,84 
      Fe2O3                      0, 06               0, 09               0, 14 

      MnO               0, 00               0, 59               1, 49 

      MgO               0, 10               0, 32               0, 11 

      SO3                           0, 29               0, 31               0, 65 

      CaO                0, 03               0, 05               0, 21 

      LOI               16, 41            16, 18              16, 80 

Whiteness        > 85%              Gray               Blackish 

/color  
 

 

                      

3 RÉSULTS AND DISCUTION 
 

The figure 5 reports the accumulated refusal 
percentage of the particles of KDD1 sample, 
and showing that the D90 diameter is inferior 
to 1.2mm, D50 has a size inferior to 0.12mm 
and D10 has very fine particles 

 
The figure 6 shows that the D90 diameter is 

lower to 01mm, D50 has a size inferior to 
0.15mm and D10 has very fine particles (< 
0.065 mm). 

 
For the KDD3, figure 7, the particles of 

D90 have a diameter to 0.73mm, the median 
diameter D50 presents a size inferior to 0.13, 
and on the other hand the D10 diameter 
shows the sizes inferior to 0.05mm. The 
granulometric analysis shows that the 
particles sizes of the three samples are very 
close with a continuity curve.  

 
Concerning the chemical analysis, the rates 

of the iron oxide are very low (0,06% for 

KDD1, 0,09% for KDD2 and 0,14% for  

KDD3), in relation with the kaolins used in 

the industries of ceramics 0.6–1% , Paper 

coating and Paper filler  0,5 to 1 %. (Siddiqui 

et al., 2005) 
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As we know, the iron oxide is a harmful 

element for the kaolin and can give reddish, 

brown and brunette for kaolins. 
 
We remark that the impurities percentage 

is not heighten, however a small presence of 
the manganese oxide made a compared 
difference with other kaolins, because this 
one gives a gray and blackish color to the 
kaolins. 

 
The loss on ignition (LOI) of the three 

samples is raised (> 16%), is it superior to 

the value of pure kaolin, as for example the 

kaolins of KGa-1b and KGa-2s have a loss 

on ignition respectively 13,78 and 13,77 

(Zibouche Fatima, 2009). This loss on 

ignition is due to the existence of structural 

water and to the decomposition of some 

associated minerals as carbonates in Djebel 

Debbagh deposit. 
 
The whiteness of the kaolins varied from 

some rocks to others, where we can remark 
some rocks very white, as KDD1, and some 
rocks characterized by the gray and blackish 
color as KDD2 and KDD3 respectively. 

 

CONCLUSION 

 

Concerning the granulometric analysis, the 

three samples are nearly similar, which 

indicates that our kaolin is homogeneous. 

 
We remark that 90% of the three samples 

particles are inferior to 1mm, then to satisfy 
the consumers needs, it’s necessary to realize 
a thin crushing in order to obtain the 
diameter corresponds to the industrial 
requirements, after that, this kaolin can be 
usable in various industries existing in 
Algeria such as the ceramic industry, paper, 
painting, etc.  
 

According to the chemical analysis, the 
kaolin of Djebel Debbagh is kaolin rich in 
alumina-silicate, very poor in harmful 
minerals as for example the Fe2O3 and the 
TiO2, which render our kaolin among the 
most kaolins search by industry. The 

presence of MnO in weak quantity, always 
give a gray or blackish color to the kaolins. 

 
The report SiO2/Al2O3 of KDD1 is equal 

to 1.18; so this kaolin is pure. Concerning 
KDD2 and KDD3, an elimination of MnO 
and a bleaching are necessary to satisfy the 
consumer needs.  The loss on ignition (LOI) 
for the three samples is superior to 16%, that 
due to the existence of structural water. 
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1 INTRODUCTION 

Several researches have been conducted on 
fluoride and fluorophosphate glasses (great 
interest in the infrared transmission and 
optical amplification) (Matecki and Poulain 
1983; Aggarwal et al., 1991). Few studies 
have been done on these glasses containing 
manganese (d

5
 configuration and strongly 

paramagnetic).  
In a recent work, we showed that these 

glasses are characterized by a low chromatic 
dispersion, increased transparency in the UV, 
and are an excellent host matrix for rare earth 
ions (Poirier et al., 2005; Jiang et al., 1997). 

This work focuses on the study of a new 
glass rich in both fluoride and manganese 
phosphate: MnF2 - NaPO3 - ZnF2. The binary 
glasses based on MnF2 (Djouama et al., 
2007) are stabilized by the addition of 
NaPO3 (Matecki and Poulain, 1983). 

We studied some physical properties of 
these glasses in xMnF2-(90-x)NaPO3-10ZnF2 
system (x = %molar), including the influence 

of substitution MnF2 / NaPO3 on magnetic 
susceptibility, ionic conductivity and 
dielectric parameters. 

2 EXPERIMENTAL 

2.1 Synthesis 

Synthesis of the glasses studied is based in 
part on the process in ammonium bifluoride 
which was used from the earliest studies of 
glasses fluorozirconates (Matecki and 
Poulain, 1983). The starting materials used 
are oxides and fluoride pure "analytical". 
The MnF2 was prepared in the laboratory by 
fluorination of manganese oxide MnO with 
ammonium bifluoride (Djouama et al., 
2007).   

Synthesis of glasses is carried out in the 
open air, in platinum crucible. After fusion, 
the melt is cooled in a brass mold preheated 
below the glass transition temperature Tg, 
(Tg – 10°C). Annealing is implemented at 
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this temperature for several hours in order to 
minimize mechanical stress resulting from 
thermal gradients upon cooling. Finally bulk 
samples are cut and polished before 
performing optical measurements. 

2.2 Characterization 

Characteristic temperatures (Tg for the glass 
transition temperature, Tx for the beginning 
of crystallization, Tp for the crystallization 
peak) were determined by differential 
scanning calorimetry using a DSC 220 
SEIKO at 10 °K/min heating rate. 

Densities were measured by helium 
pycnometry (Micromeritics ACCUPYC 
1330). 

Microhardness (Vickers) is measured 
using a Matsuzawa MXT set up with 50 g 
load for 10 seconds. A mean value is 
obtained after averaging several 
measurements. Refractive index in the 
visible spectrum, nD (  = 0.5893 m), is 
measured using an Abbe refractometer with a 
mean error ± 0.002. 

Magnetic measurements were performed 
using a SQUID magnetometer MPMS-XL in 
a magnetic field of 5000 Oe over a 
temperature range 4-300 °K (Djouama et al., 
2008). 

 Glass samples for both electrical and 
dielectrical measurements were shaped by 
cutting, grinding and polishing to obtain 
small disks (  13 mm, about 1.5 mm in 
thickness). The samples were coated with the 
conductive layers to ensure measurement 
quality. The layers were created by colloidal 
graphite (DAG 580) which was applied at 
room temperature as a suspension in 
isoamylalcoohol. Repeated measurements of 
direct conductivity ( dc) were performed as a 
function of temperature at the 5°C.min

-1
 

heating rate, between room temperature and 
a temperature 40°C below Tg (Djouama et 
al., 2007). to avoid damaging sample. 
Current was measured by pikoampermeter 
Keithley 6485 (Yeanger et al., 1998) at the 
constant voltage of 10 V. The temperature 
dependencies of ( dc) of the searched 
materials are expected to obey Arrhenius 
equation (Cahu et al., 1992).  

 
          dc= 0 E / kT)  
 

where 0 is preexponential factor, E is 
activation energy, k is Boltzmann constant 
and T is temperature. 

Dielectrical properties, including electrical 
capacity C and loss factor tan , were 
determined in the frequency interval (12 - 
100 000) Hz using a GooWill LCR 819 setup 
(Raju, 2003).   

The values of complex permittivity were 
determined by reference to the value of the 
air capacitor C0 of the same shape as the 
measured sample : 

 
 
 
 

Where C refer to sample, 
 imaginary part of complex permitivity. 

The values of complex electrical modulus 
M* were used for the applied analyze. M* 
was introduced by Macedo as the reciprocal 
value of complex permittivity : 

  
 

 
where M M

imaginary part of  M* 

3 RESULTS AND DISCUSSION 

3.1 Physical measurements 

Measurements of characteristic temperatures, 
density, micro hardness and the refractive 
index of glasses studied are shown in Table 1 

Table 1. Thermal and physical characteristics 
of the glass compositions in :   xMnF2- (80-
x)NaPO3 - 20ZnF2 system with x = % mol 
MnF2   

 

 
 

    Glass transition temperature (Tg), which 
might be a critical thermal property, 
gradually decreased when NaPO3 replaces 
MnF2. Thermal stability (Tx-Tg), makes a 
simple way to compare the stability of 
different glasses against devitrification 
(Matecki and Poulain, 1983). 
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The variation of linear refractive index nD 
with chemical composition, such as density, 
increases with MnF2 incorporation. 

Values microhardness “Hv” are smaller 

than those observed for standard fluoride 
glasses (Djouama & al., 2008), there has 
been a decrease in the resistance of glass 
with the incorporation of NaPO3: Material 
becomes more 'soft' In other words, the 
increase in microhardness with NaPO3/MnF2 
substitution is consistent with modification 
one-dimensional structure in polyphosphates, 
and evolves into a highly cross linked three 
dimensional structure. 

The evolution of these properties with 
MnF2 content, shows that  cohesion energy 
of solid is greater with MnF2 than NaPO3 and 
suggests strengthening of the glass network 
by manganese (Djouama et al., 2007). 

3.2 Magnetic properties 

Magnetic susceptibility has been measured 
as a function of temperature for various 
manganese concentrations. The 
corresponding plots of 1 / Ȥ = f (T) are 
shown in Figure 1a. 

The straights lines obtained show that all 
these MnF2 containing glasses have a 
paramagnetic behavior and follow the law  
(Ȥ = C/(T-șp) over most of the temperature 
range, with C is the Curie constant and șp(K) 
is the paramagnetic Curie temperature. 

7HPSHUDWXUH�șS�GHILQHG�DERYH�LV�related to  
the nature interactions between nearest 
neighbors. All values are negative,  and were 
determined for each of the glass samples. 
That characterizes an exchange between  
Mn

2+
 ions with antiferromagnetic 

interactions (Djouama & al., 2008; Guery & 
al., 1984).  

Moreover, _șS_ increases with the 
concentration of MnF2, it shows that the 
intensity of the antiferromagnetic coupling 
(between Mn

2+
) is stronger. Consistently, it 

has been observed that the dilution of Mn
2+

 
ions in glasses fluorinated (Guery & 
al.,1984) and oxygenated (Ardelian & al., 
1980) decreases linearly their Curie 
temperature. Figure 1 b. confirms this 
evolution 

This suggests the existence of clusters, ie 
the existence of the polyhedra (MnF6

4-
)n 

connected by octahedra in addition to the 
tetrahedra fluorophosphates (PX)4 where 
 x = O

-
 or F

-
. The tendency to form such 

clusters seems peculiar to the 3d element. 
 
 

 
Figure 1a. Inverse magnetic susceptibility 
versus temperature in xMnF2-(90-x)NaPO3-
10ZnF2 glasses.  x = mol % MnF2 

.  
 
 

Figure 1b. Curie paramagnetic temperature 
șp is a function of MnF2 content in studied 
glasses. 

3.3 Electrical and dielectrical   
measurements 

The temperature dependencies of ıdc in the 
xMnF2- 10ZnF2-(90-x)NaPO3 system (Fig.2) 
confirms that these glasses show the 
Arrhenius behavior. However the values are 
DIIHFWHG�E\�ZDWHU�GHVRUSWLRQ�XS�WR�����&��2Q�
the other hand, water adsorption and 
desorption appeared reversible: repeated 
measurements did not show any changes at 
higher temperature. 

In the case of 0MnF2-20ZnF2-80NaPO3 
glass samples (฀, Fig.2) one can assess the 
extent of the water desorption from the 
measured dependencies. The influence of the 
air humidity is more significant resulting in 
marked changes at glass surface. 

 The corrodible layer susceptibility has 
been measured as affects the values of ıdc in 
repeated measurements (฀, Fig. 2). 
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Figure 2. Temperature dependencies of direct 
electrical conductivity  
( dc vs. 1/T ). Glass compositions in the  
MnF2-ZnF2-NaPO3 system (mol %). First run:  00-
20-80,  10-10-80,  15-10-75,  20-10-70,  
25-10-65,  30-10-60,  40-10-50, and repeated 
measurements  00-20-80,  10-10-80,  30-10-
60,  40-10-50 
 
  

 
 
The dielectric measurements suggest that 

some heterogeneous phase exists in the 
xMnF2-10ZnF2-(90-x) NaPO3 bulk glass 
samples. This statement is supported by the 
plotted complex modulus M* (Fig. 3a): the 
deformation of the half circle and the 
creation of tails in high frequency range  

 
clearly relate to the appearance of 

another phase in the bulk & al., 

2009). It is found out the shift of that the 

measured maximum in the frequency 

dependence of M

as MnF2 content increases (Fig. 3b).  
 

With the incorporation of MnF2,  

the dielectric polarization increase while  

significant decrease in the dc conductivity  

direct. It means that relaxation time of 

electrical polarization decreases as the 

relative content of Na2O is larger [A. Burns 

& all 1989]. Fluorine  incorporation is 

known to depolymerize the vitreous network 

by the creation of additionnal non bridging 

anions.  

 

 

 

 

 

 

4. CONCLUSION 

The incorporation of manganese fluoride at 

the expense of  NaPO3 leads to the increase 

of Tg, nD, and microhardness of fluoro-

phosphates glasses. 

Variations in magnetic characteristics 

show that the intensity of antiferromagnetic 

linkages (between Mn
2+

 ions), becomes 

stronger. This magnetic behavior suggests 

the existence of clusters based on  (MnF6
4-

)n 
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octahedra interconnected or connected to 

fluorophosphates tetrahedra (PX)4 where  

x = O
-
 or F

-
. 

The electrical properties  study, shows that 

the electrical conductivity is mainly ionic 

and decreases with the incorporation of 

MnF2. As the dielectric properties, 

deformation semicircles of Cole and Cole at 

high frequencies, clearly refer to the 

existence of another phase in the volume of 

glass [J. . This shows a 

correlation between the magnetic and 

dielectric properties of these glasses. 
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